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.. and built to B.I.G. standards 






FIRST WITH... 


Multi-Stage regulators 





++ your guarantee 





i Efficiency, constancy and low cost 
: . —three features of B.I.G. Single Stage 
Regulators. Available in 4 models, 


for CO, Acetylene, Oxygen 







Automatic welding torch 






Nozzle mixing 


Solid copper one-piece nozzles. 


and Propane, trouble-free units built for 


Crane v Vile long life service under tough conditions. 
’ 
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_ British Industrial Gases Limited 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENFie!d 4022, Telex: 22838 
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Sales and Technical Assistance available in most areas 

















‘N Over a Ton 


of Aluminium Alloy 


spun to 
lO ft. ifd x Le 


One of a number produced for 
pressure vessels to hold liquid air, 
this 10 ft. aluminium end was spun 
by Harveys on the Rotarpress. The 
12 ft. flat discs needed for spinning 
these ends, which are believed to 
be the largest spun aluminium 
ends produced in this country, 
were formed by butt-welding two 


plates of aluminium alloy together. 
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The Rotarpress is one of the large-capacity units in 
Harveys Heavy Fabrication Department. It produces 
ends up to 15 ft. diameter and is adaptable over a wide 
range of knuckle radii and depths. 

The contours of semi-ellipsoidal ends produced by the 
spinning process enable plate thickness to be reduced, 
and in most cases tool costs are eliminated. Enquiries 
are invited for ends only or for complete 


FABRICATION OF PRESSURE VESSELS. 





HARVEY 


G. A. HARVEY & CO. (LONDON) LTD. 


Woolwich Road, London, S.E.7. GREenwich 3232 (22 lines) 








Other Harvey facilities: FABRICATIONS UP TO I20 TONS IN ONE 
PIECE - HEAVY MACHINING AND FITTING - HEAT TREATMENT AND 
RADIOGRAPHY * STEEL PLATE AND SHEET METALWORK * PERFORATED 
METALS - WOVEN WIRE - WIREWORK HF? 
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What is 


the cheapest 


and simplest way 
of fixing 
this... 


When both are metal] —the answer is almost invariably stud welding. The 
cost may be as little as one fifth of, for instance, the cost of drilling and 
tapping. The time an even smaller fraction. And stud welding is far 
tronger than any alternative method and absolutely permanent. 
Stud welding is speeding up production and lowering costs in an immense 
inge of industries from shipbuilding to domestic equipment. Attachments 


k with our Engineers perhaps, followed 


(rompton Parkinson 
STUD WELDING 





CROMPTON P KINSON (STUD WELDING) LIMITED 
raicat (Quirmcet] 1-3 Brixton Road, London,S.W.9. Telephone: Reliance 7676 
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Aluminium bronze alloys are being used increasingly in chemical and marine 
engineering, because of their strength and corrosion resistance. Fortunately, 
advances in welding techniques have eased the problems previously met in 
joining these useful metals. With the development of improved electrodes, 
the metal-are process has been successfully practised for many years. The 
introduction of shielded-arc techniques has since eliminated problems of 
oxide and slag removal. To avoid stoppages due to arc burn-back, filler wires 
must be absolutely free from surface oxide films and grease. All aluminium 
bronze fillers made by I.C.1. Metals Division are specially treated to provide 
a chemically clean surface. 


a 
Reminders As the Commonwealth's largest producer of wrought non-ferrous 
metals, 1.C.1. Metals Division has built up exceptional knowledge 
of welding techniques. We specialise in wrought metals and alloys particularly 
suitable for welding and brazing—and in materials for carrying out the various 
welding techniques. We are always glad to help clients in selecting the most appropriate 
materials and processes 
Please send now for our special booklet “I.C.I. Welding Rods and Brazing Materials” 


1.C.1. Aluminium Bronze Welding Rods 


° ° , 
Quick delivery Senpen 
Alloy Size range Process melting pot | 
We make a very large C.) | 
m to gin 
range of welding and 3 diameter in 
aluminiun straight lengths | Argon are and | 
brazing rods and orders for bronze Also on spools LGSM.A 1045-1050 
for 1.G.S.M.A 
many standard lines can welding 
1. and 4 in 
he filled from stock. You Aluminium diameter in Argon arc and 
bronze Straight lengths 1LGS.M.A | 1060-1080 
nearest I1.C 1. SALES Alloy D » on spools for 


Alsi 
1G.S.M.A. welding 
OFFICE will ensure that 


Aluminium On spools for 1.G.S.M.A. only 1035-1055 
vou get prompt delivery of bronze 1.G.S.M.A 
Alloy FE welding 





any materials ordered 


Rod identification 


1.C.1. welding rods are usually supplied in 

and packed in cylindrical cartons of « 

For easy identification each rod and carton i 

two colours 

Aluminium bronze welding rod is | 

cartons, wire for shielded met 

spools. The identifying colours are 
METALS : 93/7 aluminium bronze White and Bla 
DIVISION Aluminium bronze Alloy D White and Gree 

Aluminium bronze Alloy E White 






IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.|] 
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SATURN 
GASES 
FOR 
INDUSTRY 


NF a 
“3 1% ' 
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ah 


SESE 
tel 


Saturn plays a dual role in industry. We supply 
the gases —Pyrogas, Oxygen, Dissolved Acety- 
lene, Argon, Nitrogen and Hydrogen. We also 
manufacture and supply the famous B.G.T. 
equipment, and three models of the Saturn- 
Hivolt surge injector argon arc welding machine. 
Saturn can help you. Ask your local branch for 


details of our services. 





SATURN INDUSTRIAL GASES LTD 


Gordon Road, Southall, Middiesex 
Telephone: Southall 5611 


Branches : GLASGOW, ALDRIDGE, MANCHESTER, SHEFFIELD 
LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 
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When the ‘right time’ is essential 


in process cycles 


or welding current duration 


depend on AE I electronic timers 


GENERAL PURPOSE AND PROCESS WORK—TYPE FU 21 
» Available from stock in timing ranges covering 0-5 to 180 seconds 
No moving parts in timing circuit 

Easily arranged to operate in individual control schemes 


High repetitive accuracy 


+ Se 


Suitable for 40/60 cycle a.c. supplies of 110, 200/250, or 400/440 volts 


WELDING—TYPE FW 19 

> For control of resistance welding machines 

> Timing range 0-1 to 10 seconds 

>» No moving parts 

> Supplied with separate rheostat for remote setting 


» Available from stock for immediate delivery 


Please write for further technical details and 

a copy of our brochure ‘Electronics in Industry’. 
Our engineers will be pleased to help you with 
your automatic timing problems. 


Associated Electrical Industries Limited 


Electronic Apparatus Division 
NEW PARKS, LEICESTER, ENGLAND 
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REMEMBER MILNE FOR 


Welding, Cutting and Brazing 
Blowpipes 
Cutting and Profiling 


Machines 


Regulators 


Electric Arc 





C.S.MILNE & Co.Ltd 


HARLEY WORKS, OCTAVIUS STREET, DEPTFORD, LONDON, S.E.8 


Telephone : TiDeway 3852 (4 lines) 


Also at 172/174 West Regent Street, Glasgow, C.2 
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FLEXIBLE 
SHAFT 
EQUIPMENT 


B. O. MORRIS LTD. MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone: 53333 (PBX) Telegrams: MORISFLEX, COVENTRY 


PRODUCT OF THE Merrcefler GROUP 
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New AEIl 
Single-Operator 
A.C. Arc Welding Sets 


The latest “‘Thermac’ a.c. hand-welding 
sets incorporate improved design features 
which provide greater mobility and ease 
of operation. They require practically 

no maintenance. Both models comply 
with B.S. 638/1954. 








ALTERNATIVE RATINGS 
Model 185799 has a continuous hand welding 
current range of 50-250 amps, with a maximum 
intermittent current of 333 amps. 

The larger set, model 185800, has a 

current range of 75-350 amps, with a maximum 
intermittent current of 450 amps. 





SMOOTH CONTROL 

The moving-coil regulator gives infinitely 
variable adjustment of welding current over 
the whole range without the use of tappings. 


SAFETY 
Sets are air cooled, making fire risk 
negligible. 


EASE OF ACCESS 


All working parts are easily accessible. 


Please write for 
descriptive leaflet 783/17-1 to 
your local AEI office or 


direct to- 


Associated Electrical Industries Limited 


TRANSFORMER DIVISION - Heating & Welding Department 


TRAFFORD PARK, MANCHESTER i? 
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B 0 ‘A ‘-C takes good care of you 


~—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 

Where even the smallest foreign particle may imperil life, nothing is left to 
chance. Complex units, such as engine oil coolers which cannot be dis- 
mantled for inspection, are therefore radiographically examined to detect 


accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 
For this examination, British Overseas Airways Corporation relies on 


ILFORD Industrial B X-ray film. Hford has a reputation for reliability. 
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SUPPLY 
Bulk Liquid and Cylinders 


CARBON DIOXIDE 


STORAGE 
Installation and Maintenance 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION 
Carbon Dioxide Department - Devonshire House - Piccadilly - London - W1 - Mayfair 8867 
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MADE BY 


WILL SPAUGALTD 


SHEFFIELD 


BIG FELLOW ! 


Size is important at Millspaugh and 
fabrications like this 7,500 gallon Naphthalene 
Dehydration Vessel come pretty often. But quality is the 
main concern at Millspaugh and some of the most 
modern and thorough inspection and testing equipment in 
the country relentlessly makes sure that a Millspaugh Fabrication 


is one to be relied upon, whichever end of the scale it is—giant size, 
or relatively small. 


WELDING AND FABRICATIONS BY | SHEFFIELD 


MEMBER 
MILLSPAUGH LIMITED, ALSING ROAD, SHEFFIELD 9. rae nanriiae 
Tel: 42411 (5 lines Telex. 54-107 GROUP 
LONDON SALES OFFICE 
Tel : WHItehall 7107 


LONDON * PARIS ROUEN 





22 CARLTON HOUSE TERRACE, S.W.1. 


MONTREAL OWEN SOUND 
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NEW HANCOLINE 


OXYGEN CUTTING MACHINE 








NEEDS NO TEMPLATES 


The new electronic Hancoline brings absolute simplicity to oxygen profiling. 
It traces from a simple pencil line drawing — automatically. No templates 
whatever are needed. Think what a saving that means in storage space and 
how much production costs can be reduced! The Hancoline cuts time an 
labour while turning out a clean, precision job — every time. 

*®& Cut width compensation on tracer head. 

*® Fitted with Hancock roller drive — no physical contact 

between tracer and drawing. 

The Hancoline is available in four cutting widths. The largest size can profile 
plates up to 10 feet wide in one setting. 


HANCOCK & co. Cengineers) LTD 


Write for details 











PROGRESS WAY CROYDON. SURREY . Telephone: Croydon 1908 - Cables: Hanco Croydon 
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FOR ENDURANCE BEYOND THE 
CALL 
OF 
DUTY 






Butt-welding the 3” plates of reactor vessels at 
Hunterston with Diadem ‘Opal’ Electrodes 


Photo by Glasgow Evening Citizen 


ror HUNTERSTON ATOMIC 
POWER STATION _| OPALELECTRODES ARE 


Radiographic inspection is required for every inch of weld and not a microscopic SPECIFIED BYE. G.C 
flaw is allowed to go undetected 
Diadem OPAL Electrodes are therefore used EXCLUSIVELY for Site butt welds of the ATO M | C c N ERGY DIV 
giant Reactor Vessels and also for all Steam Raising Units and Ancillary Ducting . 
The OPAL safety factor is big enough to contain - the atom! 
ro oO Oo Pp E R & T U R iwi E R L | fed i T E D Hunterston Power Station is being built for the South 
of Scotland Electricity Board by the General Electric 
MANUFACTURERS OF RIVETS AND ARC-WELDING ELECTRODES Co., Ltd., in association with Simon-Carves Ltd.. 


VULCAN WORKS, VULCAN ROAD, SHEFFIELD 9 _ Motherwell Bridge & Engineering Co., Ltd., and 
Telephone 4209! Telegrams: Rivets, Sheffield Mowlem (Scotland) Ltd. 
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Regular production includes Lloyds Class 


| Pre Sure \ essels 


Special assignments include trunnions for 


the Jodrell Bank telescope pressure vessels 


and special machines for nuclear power 


For WELDING 


Robey & Co. Ltd. - P.O. Box 23 * Lincoln 


London Office: 11 Princes St., Hanover Sq., W.! 
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introduces you to first-class work, 
punctual, early delivery 


and very competitive prices 





BRITISH WELDING JOURNAI 








USERS AND DESIGNERS OF RESISTANCE WELDING PLANT— 


New design concept 
gives maximum 
application flexibility 
at lowest cost 


Now —for the first time—buy one cubicle and without 
modification have the option of any of 42 different 
types of welding controi—just plug-in the unit combi- 
nation you want. 
































Look at these additional features: 


pillar construction for minimum fioor area, 








2 sq. ft.—full accessibility from either side— 





printed circuit construction—positive cycle 
timing—tocked controls. 


A completely new approach to resistance welding control—one basic 
wired cubicle containing an ignitron contactor with weld heat control 
feature incorporating any desired size of ignitron—to which can be added 
any chassis combination to provide fully synchronous timing, automatic 
weld current control, variable slope operation, muitipie non-synchronous 
timers and many of the other control combinations demanded by today s 
materials and welding techniques. Manufactured to top grade engineer 


ing standards at a price lower than many less comprehensive controls 


Write to Resistance We/ding Contro/ Division for more detaiis. 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


R.W.1. RUGELEY + STAFFORDSHIRE - ENGLAND 
Manufacturers of the world's widest range of industrial electronic control equipment 
JUNE, 1960 15 
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Taking the rough with the smooth... 








CARBOFLEX DEPRESSED-CENTRE WHEELS 





Abrasive products by emi a: Bee See Boeee | 


TRADE MARK 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 
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Who’s 
interested 
in YOUR 


welding worries? 


MAPEL is. MAPEL knows all about welding supervision 

and inspection ...can supply skilled advice on the best techniques, 
procedure and practice...can train your welders to high 
standards...can test welds speedily by visual, radiographic and 
the latest ultrasonic methods. Jt saves you worry and money! 


Call in MAPEL for Welding Inspection — for 
Cathodic Protection and Leak Detection, too. 


METAL & PIPELINE ENDURANCE LTD i f Pr 
30 London Road, Woolmer Green, Hertfordshire 


Telephone: Knebworth 3083. Telegrams: Metaldure, Knebworth 














Other Offices at London, Newcastle-upon-Tyne and Glasgow WORLD-WIDE SERVICE 
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BANTAM PRICE DOWN 


For immediate demon- 
Stration of this famous 
little cutting machine 
contact any of our 38 
branch offices 

~ 

S 
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BRITISH OXYGEN GASES LIMITED 


os ae) Company 
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SEE US on Stand No. 3, Grand Hall, 
A, international Machine Too! Exhibition, 
Olympia, London, 25th June to 8th July. 








A revolutionary development in 


C02 Shielded Arc Welding! 


THE 
LINCOLN-= ooo!) 
TYPE CA3 








Occupying less than 6 sq. ft. of floor space, this compact 
unit offers these great features : 
* Completely self-contained. The Lincoln-Cloos C.A.3 Welding Unit 


SEMI-AUTOMATIC G02 
HAND WELDING UNIT 
WITH FULL SPOT & TACK 
incorporates its own re-circulating water cooling system and gas 


p) WELDING FACILITIES 
bottle support. 


Spot, Plug and Tack Type C.P.L. Timing * Highly efficient modern design Hand Gun—can be used for both 
Welding Nozzles Unit for Spot, Plug semi-automatic seam and spot welding. 

1 nozzle shown fitted and Tack Welding % The special type C.P.L. timing unit and nozzles for Spot, Plug and 
to standard Hand Tack Welding (illustrated) can be easily fitted in a matter of minutes. 
* Infinitely variable wire drive unit. 

*% Wire feed rolls adjustable to suit wires of varying diameters. 

All these extra features plus the other advantages of CO2 Shielded- 
Arc Welding—rapid metal deposition, practically no formation of slag, 
excellent results in positional welding—are available to you when you 
buy the LINCOLN-CLOOS type C.A.3 Shielded-Arc CO2 Semi- 
Automatic Welding Unit—the machine with the added PLUS of 
FULL SPOT AND TACK WELDING FACILITIES. 


Write today for further details to: 


THE AUTOMATIC DIVISION 


LINCOLN ELECTRIC CO LTD <~ 

BUI 

WELWYN GARDEN CITY - HERTFORDSHIRE - ENGLAND § ‘in courant 
Telephone: Welwyn Garden City 920 (5 lines) 4581 (5 lines) 
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Norton BDA wheel- 
off witli Ge weld bead / 


depressed centre wheel is a Norton A241-QBDA reinforced resinoid 





This 9 


wheel. It is mounted and ready now to cut into its work with speed and safety 





because it is doubly reinforced with a strong integral fabric and a tough additional 


safety web, INTERNATIONAL 
They're versatile, these Norton BDA Reinforced Wheels. Use them for cleaning up MACHINE TOOL 
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A Note on Recent Experience with the 
Rockweld-Vus Electro-Slag Welding Machine 


By W. K. B. Marshall, B.ENG., F.1.M. 


RECENT paper* described the Rockweld-Vus 
electro-slag welding machine and gave details 
of the preliminary tests carried out on it. The 

present note records some further interesting applica- 
tions of the machine and gives additional results of 
the mechanical tests carried out on the preliminary 
welds. 


Further Applications 


At the time of writing the earlier paper the heaviest 
plate welded by the machine was about 3 in. thick, 
although the machine was, in fact, designed to accom- 
modate plate up to 15 in. thick. Recently, experimental 
welds have been made in 8 in. mild steel and, although 
mechanical tests are not yet available, the performance 


of the machine was satisfactory and the weld was of 


the expected degree of soundness. A section through 
this weld is shown in Fig. |. Operating conditions were 
as follows 

Wires—2 at } in. dia 

Current—550-575 amp per wire 

Arc Voltage—49-5S0 V 

Spacing between plates—1{—1@ in 

Vertical speed of welding—274 in. hr 

Wire consumption—2-37 Ib per inch of weld 

Transverse shrinkage over the weld—0O-2-0-25 in 


Another interesting application of the machine has 
been in making Tee joints. Such a joint between 2 in. 
plate and 24 in. plate is shown in Fig. 2. This was done 
with the standard machine using a single specially 
shaped moving shoe and a stationary water-cooled 
shoe. The welding conditions were as follows: 

Wire—1 at } in. dia 
Current—550-575 amp 

Arc voltage—45—46 V 

Spacing between plates—1 ji -1 %& in 
Speed of welding—314 in. hr 


Quite a different application and one with con- 
siderable promise is shown in section in Fig. 3. Here, 
a tooth-shaped form has been built up on the surface 
of a heavy plate. To do this, one shoe only was used 
shaped to give the necessary form. Welding conditions 
were as follows: 


Wire—1 at } in. dia 
Current—-600—650 amp 
Arc voltage—36-—38 \ 


Speed of welding—48 in. hr 


It is clear that a wide variety of forms can be built up 
by this method and, moreover, the possibility exists of 


building up weld metal forms of special composition 
on, say, a mild steel surface. 


Weld Metal Properties 


In the earlier paper, a few figures were given of the 
V-notch Charpy results on specimens taken from 
welds in 2 in. plate. These welds were in fact made for 
demonstration purposes in plate of obscure origin and 
which itself showed considerable inconsistency from 
piece to piece. Moreover, naturally in these demon- 
stration runs, welding conditions were selected which 
ensured no chance of lack of side-wall fusion, and thus 
the weld metal was rather more heavily diluted with 
parent metal than would be the case in actual produc- 
tion welding. Nevertheless, it was thought worth while 
to examine a number of these specimens, particularly 
from the viewpoint of V-notch Charpy values at 
different temperatures. This has been done with the 
co-operation of a number of user laboratories, and the 
results are summarized in Fig. 4. The results recorded 
are mostly the as-welded properties but some speci- 
mens have also been included which were stress-relief 
annealed at 650°C. for 2 hr. The effect of stress- 
relieving was not very great, and where it occurred it 
tended to lower the impact values. The specimens 
were mostly transverse to the weld and the notches 
perpendicular to the surface, although a few longitu- 
dinal specimens are included and a few with the notch 
parallel to the weld surface. From the results so far 
obtained there does not appear to be a marked differ 
ence between the different notch directions, and all 
specimens from a given part of the weld have therefore 
been grouped together irrespective of the direction of 
notch. The location of the notch with respect to the 
weld, does, however, make a difference, and all the 
figures available support the view that the material 
with the coarse-grain structure on either side of the 
centre has superior properties to that of the centre 
itself. This is shown quite clearly in Fig. 4. It is not 
suggested that the coarse grain in itself gives superior 
properties but there is certainly no reason for ascribing 
the inferior properties of some electro-slag welds to the 
coarse grain size. This difference in impact values from 
one part of the weld to another may give a clue to the 


Manuscript received 16th April 1960 

Mr. Marshall is Chief Metallurgist of Rockweld Ltd 

* D. J. W. Boag and W. K. B. Marshall: Brit. Welding J., 1959, 
vol. 6, pp. 507-513 572 
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2—-Cross section of Tee-joints made between 2 in. plates by the 


electro-slag process 





Cro ection of electro-slag weld in 8 in. thick mild steel plate 


whole problem of the notch ductility of electro-slag 
elds and is being actively investigated at the moment 
In regard to the effect of normalizing on V-notch 
Charpy values, the few tests that have been carried out 
ipport the general experience that after normalizing 
any clectro-slag weld has very acceptable properties 
In the case of the welds examined the figures after 
normalizing have been in the range 40-70 ft-lb at O'C 
It should be stressed that a 





| these figures have been 
btained on welds made with about 45 dilution, 
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orosity shown in section in Fig. 6 





in electro-slag weld ari 


6— Porosity from heavy lamination 
in the plate 4 


developed which, even when deposited with these high 
rates of dilution, give considerably better figures in the 
as-welded and stress-relieved conditions. With lower 
levels of dilution these figures can be maintained more 


consistently. These latest results will be the subject of 


a future paper dealing in addition with the properties 
of electro-slag welds in low-alloy and carbon steels. 
Much has been said about the soundness of the 


ROCKWELD-VUS 


weld in 2 in. plate 


from radiograph of electro-slag 
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VERT : 





with the unusual type of 





lamination in n. plate 


Section through heavy giving the 


osity shown in Fie. 6 ; 


electro-slag welds, and indeed it ts difficult to imagine 
from the very nature of the process how unsound welds 
could possibly occur. It is all the more interesting 
therefore, to record an unusual type of unsoundness 
detected by a collaborating Laboratory in one of the 
welds in this series.* A positive from the radiograph 
showing the unsoundness is reproduced in Fig. 5. It 
will be recognized at once that the defect follows the 
direction of crystal growth and the section illustrated 
in Fig. 6 shows it to be porosity. Examination of the 
parent metal adjacent to the porosity shows that the 
elongated pores are associated with an area of heavily 
laminated plate, and it would appear that the un- 
soundness was caused either by the expansion of gas 
present in these laminations or by a reaction between 
the weld metal and any foreign materials present in the 
laminations. One of the laminations is shown in Fig. 7 
in a section taken in the parent metal parallel to the 
weld. Obviously, such unsoundness should not occur 
in practice since such heavily laminated plate would be 
rejected before welding. 


* By courtesy of Head Wrightson and Son Ltd., Thornaby-on- 
Tees 
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Spot Welding of Carbon Manganese Steel 


By C. Phillips, MANST.EX.E., A.M.UNST.W. 


The spot welding of carbon manganese steel has presented some difficulty in the 
past, but by the use of a special post-heat tempering technique, which is carried 
out on the welding machine with appropriate electronic control equipment, welds 
with improved ductility and tensile strength can be produced 

The paper outlines the effect of the post-heat and cooling conditions as it 
concerns the increase in tensile strength gained by the application of a controlled 


heat treatment. 


1 recommended welding technique is described, based upon 


experimental data obtained from welding research carried out on this resistance 


we ding process 


HIS report is the result of an investigation of the 
weldability of carbon manganese steel by a resis- 
tance welding process. There has been consider- 
able experimental work on the spot welding of this 
material, and it has been shown that the rapid chilling 
issociated with the process can produce excess hard- 
ness or weld embrittlement, depending upon the carbon 
and manganese contents and residual elements present 
n the parent material. It has therefore been necessary 
to apply further heat treatment to the weld to elimin- 
ate these hard structures 
To carry out these operations a multi-stage panel 
with full electronic control equipment was necessary. 
After a survey had been made of the control equipment 
necessary to carry out post-heat tempering on the 
welding machine, a six-stage non-synchronous elec- 
tronic control panel was constructed from standard 
equipment. This panel provided facilities for preheat 
and post-heat tempering techniques to be applied to 
the spot weld in the welding machine during its full 


duty cyck 


Material 


material (V6A)' used in 
these experiments is given in Table I. The ultimate 
tensile strength is 35-43 tons/sq.in., with a minimum 
0-2". proof stress of 23 tons/sq.in. and an elongation 
on 8 in. of 18° 

Because of its relatively high content of carbon and 
manganese this steel is not normally considered for 
resistance welding unless a special post-heat treatment 
is used, for the quenching effect of this process is more 
severe than that encountered with metal-are or gas 
welding 

The spot welding was carried out on heavy gauge 
material 3 and 5 mm thick. Most of the production 
welded fabrications consisted of spot-welded joints 
between plates of unequal thicknesses (3 x 5 mm), and 
only a small percentage of the welds are made on 
plates of equal thickness of the lighter gauge material 
(3 « 3 mm) 


The composition of the 


Surface resistance 
In the early stages of production the mill scale was 
not removed from the material, and gave considerable 


trouble during welding because of its high surface 
resistance. Before the spot welding tests were carried 
out to establish welding conditions for post-heat 
treatment, surface resistance measurements were taken 
on several samples of the material in both 3 and 5 mm 
thicknesses. From the outward appearance the 3 mm 
plate seemed to be fairly clean and in a much better 
condition than the 5 mm plate, but under test it 
showed a much higher surface resistance, and also 
presented more trouble when welds were attempted 
under these conditions. 

The surface resistance set up by the mill scale was 
sometimes as high as 800 microhms, but after the scale 


Table I 
Composition of C-Mn steel V6A 





Element, ° Element, 


Cc, 0O-18-0-23 P. 0-06 max 
Si, 0-05-0-35 Ni, 0-40 max 
Mn, 1:30-1:70 Cr, 0-25 max.* 


S, 0-06 max Mo, 0-15 max.* 





* Residual elements only. Total Mn~ Ni- Cr+ Mo not to 


exceed 2 


Table Il 


Surface resistance measurements 





Test Resistance, Resistance, 
No Condition pf2 Condition pid 
3 mm plate 5 mm plate 

1 Uncleaned 700-800 Uncleaned 500-600 
2 Cleaned by Cleaned by 

filing 12- 14 filing 12- 14 
3 Cleaned Cleaned 

by shot by shot 

blasting 14- 18 blasting 16- 20 





had been removed by filing or shot blasting, readings 
of less than 20 microhms were obtained, and the 
cleaned plates gave very little trouble during the weld- 
ing operations (Table II). 


Manuscript received 25th June, 1959 
Mr. Phillips, formerly with John Thompson Ltd., is now Weld- 
ing Engineer with Morfax Ltd., Surrey 492 
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Equipment 
The equipment for welding this material was a 150 
kVA fully automatic air-operated machine, controlled , 


by a 6-stage non-synchronous electronic control panel. 
Three heat and three cool times are available, the heat 
controls being separately controlled by phase shift. 


Heat control panel 


A block diagram of the panel is given in Fig. |, and 
a view during construction in the workshop is shown 
in Fig. 2. The various heat and cool time adjustments 
are shown in Fig. 3 

[he equipment incorporates standard timers, pro- 
viding non-synchronous control of three ‘current-on’ 
and three ‘current-off’ periods and individual heat 
control of weld and post-heat currents. The following 
methods of control are possible 


6 rol 
post-heat 


|. Preheat weld—cool post-heat 
2. Preheat 
3. Weld 
4 


Weld 


weld—cool cool 


cool pos 


cool—n 


cool 
t-heat—cool 
cool cool 


st-heat post-heat 


Operation 

The equipment provides a total of six time ranges, 
variable between 0-1 and 11 seconds on each timer 
Switching facilities are provided to enable the operator 
to cut out any one of the ‘On’ or “Off” periods, and to 
allow the welding machine to be used for normal spot 
welding operations without the use of heat treatments. 

The electronic method of heat controi by phase 
shift is essential for post-heat welding controls. It has 
many advantages over the normal method of changing 
transformer tappings, for it permits the current to be 
changed in infinitely small steps, which is a requisite 
of post-heating 

lo set up accurate post-heat currents, final adjust- 
ment is sometimes necessary when the welding machine 
is on full load. Since the post-heat times are long, 
short-circuit current readings can be taken with a suit- 
able ammeter and current transformer. 


Electrodes 


The design of spot welding electrodes depends upon 
such factors as accessibility of the weld area, composi- 


2—Control panel 
under construc- 
tion in welding 
and electrical 
work shop 





tion and thickness of the parts to be welded, finished 
surface requirements, electrode material, shape and 
dimensions, and provisions for cooling 

Where special welding techniques are used, involv- 
ing additional heat-treatment, the electrodes some- 
times have to be re-designed or modified to meet 
these requirements. 


Experimental electrodes 

A general comparison was made between the flat 
tip and the dome radius electrode. The latter 
found to be more suited to the C-Mn material, giving 
improved weld consistency and further improvements 
in the heat-treatments. Experiments were carried out 
on several electrodes with varying dome radii, the best 
results being obtained with a radius of 0-75-2-0 in 
Electrodes with the larger radius had a tendency to 
flatten out very quickly, and they were therefore more 
suitable as bottom electrodes, where an increased tip 
diameter could be permitted. The top electrodes were 
confined to those with a restricted tip diameter, and 
of truncated cone shape with an included angle of &5 


was 


lip diameter 

Experiments were also carried out on several elec- 
trodes with varying tip and restricted diameters. Some 
six to twelve spots were made for each test, with the 
welding conditions remaining constant (Table IID) 
Each weld was tested, and average results were recorded 
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Table Ul 


Electrode test conditions 





Te sf 
Code 
Material V6A V6A HC MS* 
Thickness 3mm 3mm 0-125 in 
(0-118 in.) (0-118 tn.) 
Electrode tip Flat Dome Dome 
Welding conditions 
(times in cycles) 
Pre-heat 15 
(7500 amp) 
Cool 5 
Weld 30 30 30 
(15000 amp) (15000 amp) (16000 amp) 
Cool . 150 
Post-heat 200 200 200 
(7000 amp) (7000 amp) (8000 amp) 
Cool 10 





* Mild steel with more than 0-18 °.¢ 
+ Welding conditions remained constant throughout each test 


for weld consistency, tensile load, and material inden- 
tationasa common factor. A plot of these results against 
the electrode tip diameter ( Fig. 4) indicates the efficiency 
of each electrode tested on two different materials, both 
being hardenable steels. Recommended working toler- 
ances for each tip diameter are also given in Fig. 4. The 
conditions for welding and electrode tip size vary from 
those normally used on low-carbon mild steel. 

With the flat tip electrode, weld consistency was 
difficult to maintain unless the tip was small, but in 
production such small tips soon increase in size 
thereby limiting their life, and there is also an added 
risk of heavy indentation of the plate material unless 
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6—Post-heat duty cvcle 


the correct welding conditions are maintained. The 
electrode with the dome-shaped contacting surface of 
limited diameter gave the best results in relation to 
weld diameter and consistency 
Electrode cooling 

In all applications involving additional heat- 
treatments. the electrode cooling plays a very important 
part, especially in relation to the cool period for temp- 
ering after each weld has been made. 


7a—Typical results obtained with standard electrode 
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One of the first steps towards re-design or modifica- 
tion of the electrode was a closer study of the maxi- 
mum operating temperatures. Test electrodes were 
fitted with thermocouples in the tip nose, three posi- 
tions being chosen that would give a complete outline 
of the efficiency of the electrode cooling. Tests were 
also carried out with a variation in the water flow 
through the electrodes, from 0-74 to 1-4 gal/min. 

The electrodes were prepared for test with two sets 
of holes drilled into the tapered portion at 90° to each 
other (Fig. 5). Chromel-Alumel thermocouples were 
peened into each set of holes, and were connected to a 
direct reading potentiometer. One electrode (A) was a 
standard type used on normal production, and the 
other (B) was a modified type to give extra cooling. 

Two sets of tests were carried out on each electrode: 

(i) Single spot welding (using a cool plate, with weld spacing 

not less than 14 in.) 

(ii) Continuous spot welding (plates allowed to get warm, with 

weld spacing less than 14 tn.) 

Owing to the high rate of temperature change during 
spot welding, it was impossible to trace the tempera- 
ture throughout the full welding cycle. The minimum 
and maximum temperatures were therefore plotted at 
given points on the welding and post-heat duty cycle, 
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as shown in Fig. 6. Some 20-40 spots were made on 
each plate to check the consistency of the readings at 
these different points 

The first test plate was kept cool throughout the 
whole welding operation, whilst in the second part of 
the test the plate was allowed to get warm. The general 
comparison between the two tests using standard 
electrode A, is shown by the curves in Fig. 7a. Similar 
curves for the modified electrode B are shown in 
Fig. 7h 


Methods of Heat Treatment 


There are several methods of applying heat treat- 
ment to a spot weld to improve its mechanical proper- 
ties.* These normally consist of grain refinement, tem- 
pering, and austempering, which can be used alone or 
in various combinations. 

To improve the weld structure by additional heat 
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obtain this transformation will vary with the amount 
of carbon and other alloying elements present in the 
parent steel. The post-heat current is then applied to 
temper the weld and the heat-affected zone, the time 
for tempering depending to some extent on the current 
time ratio. 

Isothermal transformation follows the pattern 


Weld 
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Austemper Austemper Austemper 


Grain Refine Grain Refine 


Austemper 


For austempering, the spot weld is permitted to cool 
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to martensite or bainite, either by direct cooling or by 
isothermal transformation at an elevated temperature 


The method of direct cooling to martensite 1s 


Wel 
( 
Temper (ora Retine (ira Refine 
q « 
Temper 
The temperature to which the weld is cooled to 


of the S—curve (Fig. 8) where transformation is allowed 
to occur isothermally. The post-heat current is then 
applied to maintain the temperature until 
transformation is nearly completed. 

Diagrams.’ such as Fig. 8, showing the rapid trans- 
formation characteristics of the steel being welded are 
essential for determining the method of heat-treat- 
ment: in addition, the formula of Grange and Stewart* 
for calculating the temperature of the start of marten- 
site formation for carbon manganese steel has been 
found useful in estimating an approximate cooling 
temperature: 

M, (F.) 


SO as 


1000 — (650 « °-C)—(70 Mn) 
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Heat Treatment Procedure 


To obtain satisfactory results from heat treatment 
it is essential that the welds should be consistent and 
of the correct size. 

Preheat 

In production welding, it has been found that the 
warpage and distortion that results from the proces- 
sing of the steel plate, and the irregular shape of the 
components, make it almost impossible to ensure 
intimate contact between the parts before the weld is 
made. Tests on the consistency of weld diameters 
showed that there were considerable variations in weld 
size. A reduction in weld diameter was sometimes 
produced by accidental short-circuiting, which occur- 
red when there was poor contact at the plate interface 
or where there had been distortion on thick plates. It 


seemed essential therefore. to find some means of 


securing good contact before consistent welds could 
be made. 

The solution was to use a low-power preheat period 
in conjunction with high electrode pressure before 
welding. This improved the consistency of weld size 
and reduced the likelihood of flashing and expulsion 
of metal at both electrode and plate interfaces. 

The magnitude of the preheat power level and its 
duration need to be adjusted to produce plate soften- 
ing and plastic adhesion at the plate interface without 
melting. The preheat stage does improve the quality 
of weld and can reduce the weld time in some cases by 
as much as 20°, by using a higher weld current. and 
still maintain the correct weld size. A suitable heat 
balance can be obtained by introducing a short cool 
period between preheat and weld. 


Weld 


It is important that the quality of the spot weld 
should be maintained on all materials that are to be 
subjected to further heat treatment in the welding 
machine, for a small variation in weld diameter can 
sometimes reduce the efficiency of the heat treatment 
To reduce or eliminate some of the variables, special 
consideration must be given to the following: 


(a) Material composition and thickness 

(b) Surface conditions 

(c) Consistency of mechanical and electrical operation of the 
welding machine 

(d) Introduction of metal into the throat of the welding 
machine 

(e) Variations in line voltage to the welding machine 


When good contact between the plate surfaces has 
been established and the correct welding conditions 
used. welds with consistent diameters should not be 
difficult to produce. It has been found that a reason- 
ably high welding current with the shortest possible 
weld time for a given thickness of plate have produced 
the best results 

Although it has been common practice, in spot 
welding mild steel, to relate the weld diameter to the 
plate thickness, the rule does not necessarily apply to 
higher carbon steels. Experiments have established that 
a much smaller weld diameter is preferred to obtain 
the best results from the heat treatments, but this 
again depends on the technique used and the material 
composition. 
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Cool time 


With the establishment of the optimum welding 
conditions a suitable post-heat tempering technique 
has to be planned. In the work described, this meant 
that many experiments were needed to determine the 
time for post-heat, its current value, and the cool 
interval between weld and post-heat. 

The cool or quench period after welding was found 
to be one of the most important features of the heat- 
treatment operation, for unless these times were con- 
trolled to within certain limits very little benefit was 
gained from the treatment. 

After the spot weld has been made the temperature 
to which the weld is permitted to cool will depend 
upon the techniques and the material composition. 

Of the several methods of obtaining the correct cool 
time for a given heat treatment, two were used in this 
investigation 


(i) By relating variations in cool time and post-heat current 
with the results of tensile and torsion tests and weld con- 
sistency 

(ii) By calculating an approximate temperature range of M, 
formation from the chemical composition of the material, 
and with the aid of suitable temperature measuring equip- 
ment estimating an approximate cool time. A careful com- 
parison of test results was necessary to obtain the optimum 
setting 


Each set of tests was divided into groups, the post- 
heat current being adjusted for each group, and a 
number of tests in each group were made with varying 
cool times. 

To obtain more consistent results from the varia- 
tions in cool time, low tempering currents were se- 
lected, with a long post-heat time of & sec, which 
allowed the tempering temperature to be reached 
slowly. 

The welding conditions, such as preheat and weld 
were held constant so as to maintain the correct weld 
size, which was checked at the start of each test 
(Table IV). 

[he variations in tensile strength with different cool 
times and post-heat currents are shown in Fig. 9 and 
the accompanying tables. The dashed lines show re- 
sults obtained from short cool times, which appear to 
fall in line with the austempering technique, while the 
continuous lines show results obtained from long cool 
times, which are common to the martensite tempering 
and martempering techniques. 

Consistent results were obtained with the marten- 
site tempering technique. As the post-heat current was 
increased the tensile breaking load of the weld also 
increased, up to a maximum tempering current of 
5800 amp (A-—J/). As the current is increased still 
further (K and L) a reduction is shown in the tensile 


Table IV 


Machine settings 





Position on Current, Time 

Duty Cycle amp cycles sec 
Preheat &.000 15 

Cool time 6 

Weld 15,000 30 

Cool time Varied Varied 
Post-heat Varied 8 
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values, Owing to re-hardening in the weld and heat- 
affected zones 

Using the short cool times with the higher current 
values, there appears to be an increase in the tensile 
loads as shown by the dashed line on graph L. A still 
further increase in current may have increased the 
tensile loads still more, but it was not considered neces- 
sary to investigate further at this stage. for the results 
obtained from the normal tempering techniques 
seemed to meet the requirements for’ this particular 
application 


Post-heat 
The actual values of current required for post-heat 
treatment will depend upon the technique selected and 


9—F ffect of cool and post-heat currents on tensile strength, (Con- 
ditions given in accompanying table ) 


the size and shape of the component parts. Higher 
current values are generally required for austempering, 
with a suitable time period to allow isothermal trans- 
formation. 

For normal M, tempering, which was applied on this 
particular work, two methods were used: 


(i) A low tempering current with a post-heat period long 
enough to allow the tempering temperature to be reached 
gradually 

(ii) A higher current with only a short post-heat time 


The choice between high or low post-heat tempering 
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PHILLIPS: SPOT WELDING OF CARBON MANGANESE STEEI 403 
9— Experimental test results 
Group A Group B Group ( Group D Group E Group F 
Weld Cooltime Tensile Cooltime Tensile Cooltime Tensile Cooltime Tensile Cooltime Tensile Cooltime Tensile 
Test cycles sec Load, cycles sec Load, cycles sec Load, cycles sec Load, cycles sec Load, cycles sec Load 
No fons tons tons tons tons fons 
| 60 1:2 0-73 60 12 0-56 75 12 0-64 $§ I-l 0-75 70 «61:4 «40-96 70 «61-4 «O-98 
2 70 1:4 0-75 70 1-4 0-73 80 16 0-67 70 «14 O61 80 16 O88 80 16 O91 
3 80 1:6 0-68 80 16 O-78 90 =6=1-8) «(0-68 75 1:5 0-62 9§ 19 0-64 100 20 O89 
4 90 18 062 90 18 0-92 100 20 0-72 100 20 0-72 100 20 067 125 2:5 0-80 
> 100 20 O61 100 20 0-72 125 2:5 O-78 150 20 O88 125 2:5 0-86 150 30 ORS 
6 ISO 63:0 0-75 ISO. 3:0 0-78 175 3-5 084 200 40 0-78 160 3:2 0-94 175 3-5 1-02 
7 175 3:5 0-83 200 40 0-96 200 40 0-82 200 40 O84 200 40 0-76 
8 181 4:75 0-62 250 5-0 0-77 225 45 0-75 250 5-( 0-68 225 4:5 0-68 
Post-heat at 2250 Post-heat at 3000 Post-heat at 3500 Post-heat at 3750 Post-heat at 4250 Post-heat at 5200 
amp amp amp amp amp amp 
Remarks: Current) Remarks: Current Remarks: Current Remarks: Current Remarks: Current Remarks: Current 
too low; only slight low; slight increase low; slight increase low; slight increase low; slight increase medium; tensile 
increase in tensile in tensile in tensile in tensile in tensile figure almost 
doubled 
Group G Group H Group I Group J Group K Group I 
Weld Cooltime Tensile Cooltime Tensile Cooltime Tensile Cooltime Tensile Cooltime Tensile Cooltime Tensile 
Test cycles sec Load, cycles sec Load, cycies sec Load, cycles sec Load, cycles sec Load, cycles sec Load, 
No rons tons fons fons fons tons 
l 70 #14 0-76 135 27 O95 110 22 O08 125 2:5 0-86 125 2:5 0-82 70 1:4 «1-07 
2 90 1-8 0-56 155 3-1 1-12 125 2°5 1-01 150 30 1-1 150 30 O84 100 20 O-85 
3 95 1:9 0-58 180 36 0-98 150 30 1-2 160 3:2 1-52 175 3:5 0-85 125 2:5 0-80 
4 125 2:5 0-88 200 40 0-86 175 3-5 1-02 175 3-5 0-87 200 «44 0-88 150 30 O80 
5 150 30 0:96 225 4:5 0-74 190 38 O98 200 40 0-78 225 45 0-94 200 40 O75 
6 175 3-5 1-04 250 50 0-67 200 40 O84 225 4:5 0-72 250 50 0-76 250 50 0O-58 
7 200 40 O95 
8 250 50 O8 
Post-heat at 5500 Post-heat at 5600 Post-heat at 5700 Post-heat at 5800 Post-heat at 6000 Post-heat at 6900 
amp amp amp amp amp amp 
Remarks: Current) Remarks: Current Remarks: Current Remarks: Current Remarks: Current Remarks: Current 
medium; tensile medium; tensile correct; tensile maximum; tensile too high: reduc- too high; reduc- 


figure almost 
doubled 


figure almost 
doubled condition with 
cool time of 150 


cycles 


figures high; idez 


tion in tensile 
figures 


tion in tensile 
figures 


il figures almost 
trebled: no allow- 
ance for increase 
in current 





currents has to be made by careful examination of 
experimental results. 


Weld Quality 


An accurate knowledge of the mechanical and elec- 
trical conditions is sometimes required to produce 
spot welds of a specified size and shape. Steels with a 
higher carbon content, which require additional heat 
treatment, present variables over and above the normal 
spot welding procedures. To overcome these and set 
up optimum welding conditions it is essential to have 
a controlled test procedure; the one used in these 
investigations dealt with the material, welding ma- 
chine, and weld quality. and could be similarly used 
in production. 

Material 

A periodic check should be made on the composi- 
tion and surface condition of the material, and it is 
sometimes advisable to carry out a chemical analysis 
on each batch so that the post-heat treatment can be 
adjusted to suit. 

The welding tests carried out to determine the 
correct machine settings should, of course, be made 
on material that is consistent in both composition and 


surface condition so as to obtain direct comparison 
between results. 


Welding machine 

Control equipment is necessary to set a spot welding 
machine where post-heat treatment is to be used, so 
that accurate values of welding and post-heat currents, 
time, and pressure, can be recorded and compared. 

Since machine settings can vary with different weld- 
ing conditions, the following control equipment is 
needed: 

(a) Electrode pressure indicator 

(b) Current ammeter 

(c) Cycle recorder 
Welds 


In the present investigation the following tests were 
made to compare the quality of welds made with and 
without heat treatment, and also to evaluate the differ- 
ent methods of testing: 


(i) Cross tension tensile test 
(ii) Torsion test 
(iii) Hardness surveys 

(iv) Microscopic examination 


To keep the tests as near to standard as possible, 
the same conditions were used throughout the four 
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10—Cross tension test 


plates and method of loading 


tests, the only variations being in the post-heat treat- 
ment 


Cross tension tests 


The cross tension test has proved its value :n deter- 
mining what is a good or a bad weld. The test is 
designed to stress the weld in a direction normal to the 
surface of the material, as shown in Fig. 10, which also 
shows the dimensions of the test plates used in this 
investigation 

\ special holding jig was necessary to apply the 
normal tension load, using a standard tensile testing 
machine with a maximum capacity of 2 tons (Fig. 11). 
This machine was fitted with an autographic recorder, 
which plotted the load against the extension (/.e., the 
actual deformation of the test plates under load) 


although this extension does vary with the hardness of 


the weld and heat-affected zones. To ensure accuracy 
during test, the jig had to be constructed to meet the 
dimensions of the test plates and to allow only a 
certain amount of bending to take place in the spect- 
men during test. The deformation which does takc 
place provides some measure of the ductility of welds 
made in this hardenable steel. 

The diagrams in Fig. 12, reproduced from actual 
recordings during tests, show: (a) A direct comparison 
between full post-heat and no post-heat;: (4) variations 
in post-heat current from 2500 to 5800 amp with a 
post-heat time of 8 sec: (c) variations in post-heat 
time with the current maintained at 5800 amp: and 
finally (¢) the results of tests on weld consistency with 
the settings used on the production line. 


Torsion tests 


The practical method of torsion testing’ has proved 
to be a quick and efficient method of obtaining suffi- 
cient information to decide whether the weld is satis- 
factory for a normal production job. The test can be 
carried Out on the shop floor, for the only equipment 
required ts a vice and a square-ended spanner, together 
with a magnifying glass for inspecting the failure. This 
test method ts as sensitive to change in welding condi- 
tions as the cross tension test, but is more selective 
and quicker than any other test used on the shop floor. 

The test can also be applied to actual component 
parts. In the investigations described, small test 
coupons 1414 in.«3 mm thick were welded to 
different parts of the components, varying in thickness 
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11—Cross tension jig des- 
igned for pulling 
welded test plate sin 
standard tensile testing 
machine 





Table \ 


General welding data for carbon- 
manganese steel 





Electrode 
Restricted tip diameter fe in 
Dome radius lin 
Electrode pressure 1,600 Ib sq.in 
Weld diameter 0-40-0-43 in 
(This diameter was found to give the best 
results for the post-heat treatments) 


Welding Conditions 


Plate thickness 7» 3mm 3 5mn 
Pre-heat current 8-OkA S-OkA 
Pre-heat time 15 cycles 15 cycles 
Cool time 6-8 cycles 6-10 cycles 
Weld current 1IS-OkKA ISOkA 
Weld time 30 cycles 35 cycles 
Cool time 150-160 cycles 150-160 cycles 
Post-heat current 5-8 kA SS kA 
Post-heat time 5 sec 6-7 sec 





from 3 to 5 mm. The type of fracture in the torsion test 
and the angle of twist were noted, and were later com- 
pared with results from standard test specimens ob- 
tained under varied conditions. The figures were also 
compared with the minimum to maximum results of 
cross tension tests welded under similar conditions. 


Hardness surveys 

A section was taken through the centre of each 
welded sample and the hardness was measured at the 
positions shown in Fig. 13. 

The results of such hardness tests on 3 = 3 mm and 
3x 5 mm plates are given in Tables VI and VII, and a 
direct comparison between the hardness of the weld 
and the heat-affected zone is shown in Fig. 14. These 
results compare favourably with the results obtained 
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12—Load extension diagrams 





14—Comparison of hardness of weld and heat-affected zones 











A Centre of weld 
“B Edge of weld nugget 


LC )} 

= tHeat-affected zones 

‘. ) 

“-E Unaffected parent 
material 


13 Position of hardness survey through typical weld section 





from the cross tension and torsion tests for a given 
post-heat time. 





HARDNESS, D.P.N 


Macro and micro surveys 

Sections were taken through the centre of the spot 
welded specimens and were first polished and macro- 
etched. Typical macrographs showing the effect of 
different heat treatments are reproduced in Fig. 15. 

The specimens were then re-polished and micro- 
etched. Micrographs were taken of the welds and the 
heat-affected zones to show again the effects of differ- 
ent heat-treatments (Figs. 16 and 17). 





Discussion of Results 





L 4 4 4. 4. 





0 2 4 ° 8 10 When spot-welding was first carried out on this 
POST-HEAT TIME, sec steel, long weld times were used in an attempt to 
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improve the weld quality and to reduce the hardness and 
in the weld and heat-affected zones. Even 
under these conditions a number of welds had broken 
before reaching the end of the production line. But 
after the installation of the post-heat control panel, and 
the setting up of a suitable post-heat treatment, no 


1 


fall 


cracking 


ures were reported under production conditions 


Material 

The removal of rolling scale from 
carbon-manganese steel before spot welding is essen- 
tial. Slight variations in the C and Mn contents of the 
material tend to upset the post-heat tempering unless 
an allowance is made: for this reason, the use of the 
maximum current is not recommended 


Control panel 
The six-stage control panel gave the required results 
for normal tempering techniques, but where additional 
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15-—Macrographs of typical welds made with and without post- 
heat treatment: (a) 3 « 3 mm plate, no heat treatment, average 
hardness 470 D.P.N. in weld, 460 D.P.N. in H.A.Z.; (b) 
3 « 3 mm plate, post-heat treatment of 8 sec, average hard- 
250 D.P.N. in weld, 270 D.P.N. in H.A.Z.;(c) 3» 5mm 
plate, no heat-treatment, average hardness 460 D.P.N. in 
weld, 420 D.P.N. in H.A.Z.; (a) 3 « 5 mm plate, post-heat 
treatment of 6 sec., average hardness 260 D.P_N. in weld, 


290 in H.A.Z 10 


nNesS 


16—-Micrographs of (a) weld; and (b) heat-affected zone in the 
as-welded condition S00 


tempering or grain refining is needed one or two addi- 
tional heat periods with an extra cool period would be 
an advantage. 








Weld 17—Micrographs of weld and heat-affected zone in different Heat-affected zone 
stages of heat-treatment: (a) 2 sec; (b) 4 sec; (Cc) 6 sec; 
(d) & sec 500 
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(a) Austempering 





Duty cycle 
6-75 sec 
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Electrodes 

It was found that an electrode with a dome-shaped 
contacting surface of limited diameter provided the 
most satisfactory results. In some instances the elec- 
trodes need to be previded with adequate cooling 
through the complete duty cycle, for the cooling of the 
electrode plays an important part in some of the heat- 
treatment techniques, where it is necessary to control 
the cooling of the weld to within certain limits. 

For example, the welding conditions for each com- 
ponent may vary because of differences in shape, size. 
spot spacing, and the temperature of the plate being 
welded. The effects of electrode cooling have already 
been shown in Fig. 7, where a comparison of electrode 
cooling was made. It can be seen on these graphs that 
the quench rate of the weld will be affected by an 
inefficient electrode, and where critical tempering 
techniques are used this may upset the final tempering 
of the weld, and therefore influence the weld consis- 
tency and tensile strength 

The use of a suitable temperature measuring tech- 
nique on the spot welding electrode may assistin making 
the correct choice of electrode. 


Experimental results 


Some of the welds made without preheat and post- 
heat were found to have star cracks in the centre of the 
nugget, when subjected to X-ray examination. By the 
use of post-heat treatment these cracks were elimin- 
ated, even with the normal tempering technique where 
a small percentage of martensite was allowed to form 
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Table VI 


Effect of post-heat time on hardness 
in 3 - 3 mm plate 











Post-heat Hardness D.P.N. on iverage 
Test Weld Section (see Fig. 13) Tensile 
No Current. Time, Load, 
amp sec i B ( D I tons 
| Nil Nil 486 466 464 450 187 0-66 
2 S800 2 300 314 330 429 203 OR] 
3 S800 3 330 «317 330 417° «180 0-96 
4 S800 4 302 306 270 319 186 1-0 
5 S800 6 260 219 #240 316 190 1-12 
6 5800 X 250 223 236 299 180 1:26 
Table VII 
Effect of post-heat time on hardness 
in 3 5 mm plate 
Post-heat Hardness D.P.N. on {verage 
Test Weld Section (see Fig. 13) Tensile 
No Current, Time Load, 
amp sec 1 B ( D / tons 
| Nil Nil 468 478 425 446 187 0-63 
2 S800 2 397 327 279 376 192 0-91 
3 S800 3 464 383 294 342 186 0-99 
4 5800 4 308 310 272 314 208 1-02 
5 S800 6 254 220 235 297 182 1-32 
6 5800 236 219 230 319 184 1-09 





Before the introduction of a preheat there were varia- 
tions in the shape and size of the weld nugget, but 
these were more consistent after the preheat had been 
used 

The increase in tensile figures for the spot welds 
made with varying cool and post-heat currents are 
clearly indicated. In general, for these hardenable 
steels, it is not recommended that the maximum tensile 
figure should be used for design purposes, but a slightly 
lower value that is likely to give more consistent 
results. This will also provide allowance for variations 
in welding conditions and main line voltage. 

Similar tensile results were obtained by using short 
post-heat times with a high post-heat current, and it 
was found that reasonable welds could be made with 
a post-heat time as short as 2 sec. These welds appeared 
to have a much finer grain structure than those pro- 
duced with the long post-heat times. 

Preliminary work on austempering showed that a 
more involved temperature measuring technique of the 
actual spot weld was necessary to carry out a fuller 
investigation. Although it may be possible to produce 
welds with good mechanical properties by austemper- 
ing, it was considered that the results already obtained 
met the immediate requirements, and that additional 
work was not justified. Figure 18 shows the outline of 
the heat treatments used. 

A further post-heat treatment was carried out by 
using a high post-heat current of short duration 
followed by a cool interval and a second post-heat 
tempering at low current for about 2 sec. To carry out 
this technique with the present control panel it was 
necessary to introduce a further heat period. The welds 
produced contained a much finer structure with good 
mechanical properties (Fig. 19). 

The choice between high or low tempering currents 
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Vicrographs of (a) weld; and (b) heat-affec 


must be made by careful examination of the experi- 
mental results, combined with the weld quality require- 
ments. The selection of the type and extent of the heat 
treatment used in this investigation, and later in pro- 
duction, was based on service requirements and the 
economic aspect of time required for the complete duty 
cycle of each weld. It may not always be necessary to 
produce the maximum weld quality but to produce 
welds to meet both quality and production require- 
ments 


Testing methods 

Of the several methods of testing used, the tension 
shear test. although commonly used for assessing spot 
welds, did not give good discrimination between duc- 
tile and brittle welds, and very little difference was 
shown between actual welding results using varied heat 
treatments. This test was therefore not considered for 
determining weld quality. 

However, the simple torsion specimen provided a 
quick and simple test for the shop floor, whilst the 
cross tension test provided a more accurate compari- 
son of tensile results, which can be used in assessing 
the quality of a spot weld. Figure 20 shows the com- 
parison of welds made with and without heat treat- 
ment when subjected to the tension test. 

A hardness survey will give the comparison of hard- 
ness between the weld and heat-affected zones. For 
untreated welds the hardness values are high, depend- 
ing on the carbon and manganese content of the 
material. Heat-treated welds show a fall in hardness 





(a) 


20— Specimens of cross 


5800 amp for 8 sec, average tensile load 1°45 tons 


(b) 


tension tests in V6A material: (a) No post-heat 
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(b) 


ted zone of welds made with grain refinement 


as the post-heat treatment is increased, and under 
optimum conditions quite low figures can be obtained. 
For good quality welds, as indicated by tension and 
torsion tests, the hardness figures fall below 320 
D.P.N. in the heat-affected zones, and are slightly less 
in the welds 


Welding conditions 

The machine settings for the general experimental 
work, in which long post-heat times were used, are 
given in Table V. In production, the post-heat current 
was increased to 6000-7500 amp and its duration 
reduced accordingly. 

To maintain the correct weld size for 3 5 mm plates 
it was found necessary to increase the weld time from 
30 cycles to a maximum of 35 cycles, and this meant 
that the post-heat times had to be slightly reduced to 
obtain the best results from the heat-treatment. The 
variation in mechanical properties with these different 
times are indicated in Tables VI and VII. 

Slight adjustments were also found necessary to the 
post-heat cool time, to account for alterations in tip 
diameter resulting from re-dressing or fitting a new 
electrode. These adjustments can be made quickly at 
the start of each shift. 


Conclusions 


From an 
procedure, 


assessment of the results of experimental 
and a trial period of 


six months on 





treatment, average tensile load 0-65 tons; (b) post-heat at 
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production, it has been shown that the spot welding of 
carbon manganese steel can be successfully carried out, 
provided a specialized welding procedure is used 

Although heat-treatment can provide welds of high 
quality it must not be forgotten that the welding of this 
steel is critical, and adjustments must be made to suit 
the conditions of the material and welding technique 
applied lo obtain these conditions a reliable test 
procedure 1s necessary 
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Recommended Practice for Radiographic 
Inspection of Fusion-Welded Joints 


CIRCUMFERENTIAL BUTT JOINTS IN STEEL PIPES 


UP 


HE increasing use of X-rays and gamma-rays for 
the examination of welded joints has made it 
desirable to issue recommendations of a general 
character giving guidance on the application of these 
methods. It is hoped that the present recommendations 
will have the effect of ensuring more unified practice 
and of establishing, in a general way, the minimum 
requirements which must be fulfilled in order to attain 
satisfactory sensitivity in the test itself 
The recommendations not lay down radio- 
graphic standards of acceptance for the joints, but are 
concerned with the radiographic technique to be used 
They relate to the examination of circumferential* 
fusion welded butt joints in steel pipest up to 2 in 
(SO mm) wall thickness 


do 


* The radiographic examination of longitudinal welds in pipes is 
covered by Doc. HS IIW-6-S8 (Brit. Welding J.. 1959, vol. 6, 
p. 126) 

Besides its conventional meaning, the word “pipe” used in this 
text sl d be derstood to cover other cylindrical bodies 
ides, pen CKS bo ler drums pressure vessels etc 


TO 2 IN. (50 mm) WALL THICKNESS 


In principle, there is no need, for the radiographic 
examination of fusion welded butt joints, of general 
recommendations differing from those concerning 
steel plates: the present document has, therefore, many 
points in common with Doc. IS I1W-6-S8. 

However, the shape, size, and accessibility of the 
objects considered here may necessitate differences in 
the positioning, in relation to the welded joint being 
examined, of the X-ray equipment (or gamma-ray 
sources) and of the film, as described in the section on 
Recommended Techniques. 

In the present text the examination techniques are 
divided into the following three classes 


Class A—A general technique for X-ray examination of butt 
welds in mild and low-alloy steels 

Class B—A more sensitive technique intended for use with 
X-rays in special circumstances, or where the class 4 
technique is unlikely to reveal the defects sought 

Class ¢ A general technique for gamma-ray examinat 

Report of Commission V—*Testing, Measurement, and Contro 
of Welds” of the International Institute of Welding 


Document IIW IIS-36-59 (ex doc. V-113-59) 
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Source of radiation : 





|— Film inside, radiation source outside 


Most cases, in particular where mild steel is con- 
cerned, are covered by the correct use of the specifica- 
tions given for Class A, in which salt screens are used, 

Class B—high sensitivity X-ray radiography—is in- 
tended only for more important and difficult cases. It 
iS a More expensive technique, in which only fine grain 
films and lead screens are used; longer exposure times 


are therefore required and, sometimes, the use of 


equipment able to give voltages higher than those 
required for Class A 
With regard to Class C—gamma-ray examination 

it Should be noted that the known disadvantage of this 
technique (low contrast) is largely offset by the fact 
that the small size of the sources allows of their being 
placed in the centre of the circumference to be 
examined, thus ensuring the best geometrical condi- 
tions while avoiding, in many instances, the dis- 
advantages arising from the double wall techniques. 


General 

Protection 

Exposure of any part of the human body to X- or 
gamma-rays can be highly injurious. It is therefore 
essential that, wherever X-ray equipment or radio- 
active sources are in use, adequate precautions should 
be taken to protect the radiographer and any other 
person in the vicinity. 

Safety precautions against X- and gamma-radiations 
are specified in the ““Recommendations of the [nter- 
national Commission on Radiological Protection”, 
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4— Film and radiation 
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2—Film outside, radiation source inside 


1955, London. In most countries official recommenda- 
tions exist. These are in the main based on the Recom- 
mendations of the International Commission. 


Surface preparation 

Generally speaking, it is not necessary to prepare 
the surface before taking radiographs, but it should 
be ground smooth where surface irregularities may 











3—Film and radiation source outside. ( Double image) 





ource outside. (Single image) 
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‘ difficulty in detecting defects within the weld. It 
is always advisable to remove surface defects before 
taking radiographs 


Caus 


Location of the weld on the radiograph 


Markers, usually in the form of lead arrows or other 
symbols, should be placed along both sides of the weld 
0 that its position can be identified on the radiograph. 
This may not be necessary if the reinforcement is 


retained 
Identification of radiographs 


Lead letters should be affixed to each section of the 
weld being radiographed The images of these letters 
should appear on the radiograph to ensure unequivo- 
cal identification of the section 


Marking 


In general, permanent markings by stamping the 
work piece will provide reference points for the accur- 
ate relocation of the position of each radiograph. 
Where the nature of the material and its service con- 
ditions render stamping undesirable, other suitable 
means for relocating the radiographs must be sought. 
These include paint marks and accurate sketches 


Overlap of films 


In radiographing a continuous length of weld, the 
separate radiographs should overlap sufficiently to 
ensure that no portion of this length remains unex- 
amined 


Image Quality Indicators 


An Image Quality Indicator (1.Q.I.) of a type 
between the contracting parties should be 
placed at one or both ends of every section radio- 
graphed. It should be placed on the surface facing the 
source of radiation and, depending upon its type, 
adjacent to or across the weld. Only where this surface 
is inaccessible should the 1.Q.I. be placed on the film 
in that case, its position should be mentioned in 
the report, as the 1.Q.1. indication has not then the 
same meaning. For details about I.Q.1., see p. 414. 

The minimum sensitivity values required from the 
1.Q.1. should be agreed between the contracting 
parties. These values merely provide a guide to the 
quality of the technique used and do not necessarily 
bear any direct relation to sensitivity as regards the 
detection of faults in the weld 


agreed 


side 


Recommended Techniques for Taking Radiographs 
Setting up of films and source of radiation 


One of the following techniques should be used, 
depending on the size and accessibility of the joints: 


|—-Film inside, source of radiation outside (Fig. 1) 


The source of radiation should be placed at a dis- 
tance from the weld, as defined later, with the central 
axis of the cone of radiation perpendicular to the 
tangent to the centre of the area under examination. 
The cassette should be placed on the corresponding 
area inside the pipe. in close contact with the weld. 


11_—Film outside, source of radiation inside (Fig. 2) 


The source of radiation should be set up inside the 
pipe, in the centre of the circumference if possible, 
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though otherwise it may be placed eccentrically; the 
central axis of the cone of radiation should be per- 
pendicular to the tangent to the centre of the area 
under examination. 

The cassette should be placed on the corresponding 
area outside the pipe, in close contact with the weld 


I11—Film and source of radiation outside. ( Double wall, 
double image) (Fig. 3) 


[he source of radiation should be placed at a dis- 
tance from the weld, as defined later, and should be 
slightly inclined with respect to the axis of the pipe, 
the central axis of the beam coinciding with the dia- 
meter of the pipe in the plane of the weld. The film 
should be placed in contact with the weld on the side 
of the pipe further from the source of radiation, its 
centre being diametrically opposite the centre of the 
directly exposed surface. Larger films should be used 
if it is also desired to record the inclined projection or 
image of the weld section facing the radiation source, 


1V—Film and source of radiation outside. ( Double wall, 
single image) (Fig. 4) 

The source of radiation should be placed so as to 
achieve the minimum focus-to-film distance compat- 
ible with the source size and wall thickness to be 
examined. If possible, the source should be in contact 
with the pipe, with the radiation passing through the 
parent metal adjacent to the weld. The film should be 
placed on the side of the pipe further from the source 
of radiation, in close contact with the weld. 

The following suggestions are given as general 
guidance in the selection of the appropriate technique. 


Film inside, source of radiation outside—This tech- 
nique should be used for large cylindrical bodies, 
where the restrictions of maximum area examined 
permit the use of long films whilst keeping the focus- 
to-film distance within reasonable limits. 


Film outside, source of radiation inside—When ap- 
plicable, this technique should be considered as the 
more convenient, because, the source being situated at 
or near the centre, there is no restriction as regards the 
area examined. For larger bodies conventional X-ray 
equipment may be used and for smaller ones hollow 
anode X-ray tubes or gamma-ray sources.* This tech- 
nique is particularly recommended for pipes with 
heavy wall thickness and small diameter. 


Film and source of radiation outside— Double wall, 
double image—This technique should be used for 
pipes having diameters not exceeding 3-4 in. (76 
101 mm), the necessary focus-to-film distance being too 
large with greater thicknesses; it should be noted, 
however, that the increase of wall thickness restricts 
the length of weld which can be properly radio- 
graphed.t+ 
* To prevent any misunderstanding, it should be noted that, if 
the boring of a hole in the pipe wall is necessitated by the 
application of the method described in order to introduce the 
source, this method should not be considered preferable to 
techniques III or IV, owing to the difficulties which may be 
encountered in repairing the hole 
In order to eliminate possible interference when a backing 
ring has been used and to provide the best possibility of fine 
cracks in the first run being revealed, it is suggested that the 
beam should be normal to the weld, not inclined, and centred 
in the plane of the weld 


+ 
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Film and source of radiation outside— Double wall, 
single image—This technique will give the best results 
for pipes, not accessible from inside, with diameters 
larger than 3-4 in. (76-101 mm). It can be used for 
pipes with diameters up to about 3 ft (0-90 m), beyond 
which the source-to-film distance becomes too great. 


General comment 


Whenever possible, in particular when a large part 
of the X-ray beam is used for covering the area to be 
irradiated, operators are recommended to set up the 
equipment in such a way that the welded joint cuts 
across the beam perpendicular to the axis of the X-ray 
lamp. This ensures the best image definition, even at 
the extremities of the film, and a more uniform distri- 
bution of the intensity of the radiation. 


Films and screens 


The following types of films and screens should be 
used :* 

Class A—According to circumstances, non-screen films may 
be used without screens or with lead screens, the 
thickness of which should be within the range 
0-001 0-006 in. (0-02-0-15 mm) 
As an alternative screen type films can be used in 
combination with high resolution salt intensifying 
sereens : 
If, owing to unavoidable circumstances, screen-type 
films are used in combination with salt screens of 
the ‘high-speed’ type, this must be mentioned in the 
report, as this technique causes loss of definition 
Fine-grain high contrast films should be used in 
combination with lead screens of thickness within 
the range 0-001-0-006 in. (0-02-0-15 mm) 
Fine-grain high contrast films should be used in 
combination with lead screens of thickness within 
the range 0:001-0-006 in. (0-02-0-15 mm) for the 
front screens; the back screens may be of greater 
thickness 


Class B 


Class ¢ 


Cassettes 

Films and screens (if used) should be placed in 
cassettes, either rigid or flexible. In view of the general 
difficulty of procuring rigid cassettes with curvatures 
such as to bring the whole length of the film in close 
contact with the welded joint, preference should be 
given to flexible cassettes, provided that adequate pre- 
cautions are taken to ensure a good overall film-to- 
screen contact. 


Alignment of beam 


The beam of radiation should be directed to the 
middle of the section under examination and should be 
normal to the plate surface at that point. except when 
specially seeking certain defects which it is known are 
best revealed by a different alignment of the beam, 
e.g., defects at a fusion face, and the exposure should 
then be made with the beam directed along the fusion 
face. 

This general rule should be applied with the follow- 
ing exceptions 

(a) When using the double-wall, double-image tech- 
nique, the inclination of the beam should be such as to 
avoid a superposition of the two images. This inclina- 


* See footnote p.412 

* The definitions of the type of recommended films (non-screen 
and screen type, fine grain, high contrast, etc.) are related to 
the conventional descriptions of sensitive material. The same 
applies to the high definition and high-speed salt screens. The 
figures for thickness of lead screens are only for guidance 
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tion will depend on the diameter of the pipe, its wall 
thickness and on the width of the welded seams. 

(b) When using the double-wall, single-image tech- 
nique, the inclination of the beam should be such as 
to ensure that the centre of the beam corresponds to 
the centre of the section of the weld under examina- 
tion, with the beam inclined sufficiently to prevent any 
interference by the image of the welded seam facing 
the source. 


Interception of unwanted and scattered radiation 


The film should be shielded from scattered radia- 
tion, which may be reflected back, by an adequate 
thickness of lead, say 0-05 in. (1-5 mm) or more, 
placed behind the film-screen combination. To mint- 
mize the effects of the radiation reflected back from 
the lead itself, a tin sheet about | mm thick, or better 
atin sheet and a copper sheet, each | mm thick, may be 
inserted between the lead plate and the film-screen 
combination. 

In order to reduce the effect of radiation scattered 
by the work-piece, adequate masking should be pro- 
vided so as to limit the area irradiated to the section 
under examination 

When using the double wall techniques III] and IV, 
in particular on small diameter pipes, adequate mask- 
ing should be provided to ensure that only direct 
radiation strikes the film. 


Source-to-film distance 

The distance between the film and the work piece 
should be as small as possible 

The minimum source-tilm distance (/,,j,) depends 
on the effective dimension? d of the focal spot or 
source and on the distance / between the film and the 
surface of the specimen facing the X-ray tube or 
gamma-ray source. The resulting geometric unsharp- 
ness u can be calculated from the formulat: 


hd 
fy 


The geometric unsharpness should not exceed the 
values given below: 


Class A 
0-015 in. (0-4 mm) 


Class B 
0-008 in. (0-2 mm) 


Class C 
0-015 in. (0-4 mm) 


When using techniques I and II, the minimum 
source-film distance should be calculated directly from 
the conventional formula. 

When using technique III it is necessary to introduce 
in the formula for / the external diameter of the pipe 
instead of its wall thickness. 

In the following table the minimum source-film 
distances are given as a multiple of the external dia- 
meter for Classes A and C (penumbra=0-4 mm) and 
+ By the effective focal spot dimension is understood the maxi- 

mum dimensions of the ‘dark’ zone of a photograph of this 
spot obtained by the pin-hole method, the hole coinciding with 
the centre of the X-ray beam and the drilled lead plate being 
parallel to the axis of the tube and placed halfway between the 
source and the film 

The effective gamma-ray source dimension should be taken as 

the figure quoted by the isotope supplier (unless it be preferable 

to consider m mm ~ y 2) 

‘ This is an approximation for the correct formula 
hd 
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for Class B (penumbra=0-2 mm) and for different 
focal spot sizes 
Classes A and ¢ Class B 
( penumbra 4 mm) (penun hra 0-2 mm) 
Focal S 2 : | : ( 2 3 4 5 6 


10 15 20 10 





When using technique IV, the minimum source-film 
distance should be calculated by introducing into the 
formula, for 4 only, the actual wall thickness of the 
section of circumference under examination. It should 
be noted that, with technique IV, when the outside 
diameter of the pipe plus the actual distance between 
source and X-ray outlet port is not less than the mini- 
source-film required, there are 
objections to putting the X-ray equipment or 
gamma-ray source in close contact with the pipe 


mum distance no 


the 


Size of the area examined 

The maximum area to take into considerationateach 
exposure will be determined by the difference between 
the thickness of the material penetrated in the centre 
and that at the extremities measured in the direction 
of the beam at those points. The differences in density 
resulting from this variation of thickness and recorded 
on the film should not exceed the admissible limits 
pecified in the following item 

It should be noted that this restriction not only en- 
sures the best utilization of the film characteristics, but 


also reduces the distortion of the image at each 
extremity of the film. It is therefore evident that. with 
the exception of technique II, the area examined will 


be a smaller section of the circumference as the dia- 
neter of the pipe increases and as the ratio external- 


diameter internal-diameter increases 


Density of the radiograph 


Exposure conditions should be such that the density 
of the radiograph of the sound weld metal in the area 
under examination, taking account of fog density lies 
within the range 


>-0.3-0 2-0-3 
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[To avoid unduly high fog densities arising from 
ageing of the film, development time or temperature. 
the fog density should be checked from time to time 
on an unexposed sample taken from the films used and 
handled and processed under the same conditions as 
the actual radiographs. The maximum fog density 
should not exceed 0-3 for Class 4, or 0-2 for Classes 
B and ¢ 


Tube voltage or source 


To increase the contrast, the tube voltage must be 
as low as practicable. As a basis. the kV should be 
chosen so as to give an appropriate density with an 
exposure of not less than 8 mA. minute for Class A and 
not less than 15 mA. minute for Class B for a target-to- 
film distance of about 30 in. (760 mm). Gamma-ray 
sources give the best results above the following thick- 
nesses: iridium 192, jin. (10 mm): caesium 137. | in 
(25 mm); cobalt 60. 14 in. (38 mm) 


Processing 

Films should be processed in accordance with the 
recommendations of the film manufacturers. Particular 
attention should be paid to temperature and develop- 
ing time. The radiographs should be free from imper- 
fections due to processing or other causes which would 
interfere with interpretation 
Viewing 

The radiographs should be examined in a darkened 
room on an illuminated diffusing screen, the illumi- 
nated area of which should be masked to the minimum 
required for viewing the radiographic image. The 
brightness of the screen should preferably be adjust- 
able so as to allow satisfactory reading of the radio- 
graphs 
Availability of technical data 

For each radiograph, or set of radiographs, infor- 
mation should be available on the radiographic tech- 
nique used (type of X-ray equipment or gamma- 
source, type of film and screen, focus (source)-to-film 
distance, voltage, tube current, exposure time, marking 
system) and on any other special circumstances which 
would allow a better understanding of the results 


Image Quality Indicators 


. see Doc. IS 
vol. 6, p. 128). 


For the description and use of 1.Q.1 
1LW-6-58 (Brit. Welding J., 1959 
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Influence of Residual Stresses on 


Fatigue Strength of Plates 
with Fillet Welded Attachments 


By T. R. Gurney, M.A., A.M.1.C.E. 


The report contains details of various fatigue tests carried out to confirm that 
the increase in strength obtainable by spot heating certain types of noiched 
specimen is due to the residual stresses so induced. It has also been shown that 
similar increases in strength can be obtained by inducing residual stresses bh) 
mechanical means, and a full investigation has been made of the fatigue be- 
haviour of a simple type of welded mild steel specimen under various conditions 
of residual stress and subjected to various applied load cycles. This has shown 
heyond doubt that fatigue behaviour is directly affected by residual stresses 
Finally, the report contains the results of some exploratory tests on light allo) 
specimens, and their behaviour has been found to be similar to that found 


earlier with mild steel. 


N 1956, Puchner! showed that a large increase in the 
fatigue strength of mild steel specimens contain- 
ing discontinuous longitudinal welds could be 

obtained by heating the specimen locally with an oxy- 
acetylene torch. His results were confirmed by 
Gurney and Trepka® in exploratory tests on three 
types of mild steel specimens. In both investigations it 
was concluded that the increase in strength was prob- 
ably due to the compressive residual stresses induced at 
the notch at which the initiation of failure was to be 


Report D8 359 of the British Welding Research Association 
circulated to members in August 1959 
Mr. Gurney ts a Principal Research Officer with the Association 
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expected. It seemed desirable, however, to confirm 
that this was in fact the case, and the first of the test 
programmes now reported had this as its object. 

It was noted in the previous report’ that it would be 
of interest to determine the effect of load cycles other 
than pulsating tension, and to consider the effect of 
inducing residual stresses by mechanical means 
instead of by spot heating. These two topics have been 
studied simultaneously, and a second test programme 
reported herein has resulted in the derivation of Smith 
diagrams for a simple type of specimen with welded 
stiffening gussets when subjected to three types of 
residual distribution. This investigation has 
provided some interesting information on the general 


stress 
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| stress on fatigue strength, and at the 
of the few British investigations on 
fillet-welded joints in mild steel 
In view of the results obtained with 
mild it was decided to carry out a 
hort exploratory series of tests to determine whether 
similar results could be obtained when using light 
specimens. This programme forms the third 
ction of this report 


ame time 1s one 
Satisfactory 


steel specimens 


Test Specimens 


Nomenclature 
The results of tests on twenty-one series of specimens 
outlined in this report, and in 
general details of a specimen can be determined trom 


t res id 


most cases the 


ntification letters. as follows 


Mild Steel Specimens 


Material 


The in. thick mild steel plate used complied 
essentially with BS.15, and originated from two casts. 
The material was a basic open-hearth semi-killed 


(balanced) steel without aluminium addition. and 


rolling was carried out from an upper temperature of 


1280 ¢ 


to a finishing temperature of approximately 
PO ¢ 


There some difference between the 
chemical analyses of the two casts (Table I) but the 
mechanical properties Table IT were 


Was 


shown in very 


Table I 


Chemical analysis of | in. thick mild steel (BS.15) plate 





Cast il Casi 


0-1} 0-125 
0.4 }-24 
0-050 
0-030 0-045 
0-023 O-OTS 
0-10 

O-OS 


O-O8 


0-03 


0-12 
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Mechanical properties of | in. thick mild steel (BS.15) plate 





Yield 
Srress, U.T.S 


fons sq.in 


Red. in 


frea, 


I long 
on 4y A 


Plate fons sq.in 


18-0 28-5 3 SO 


19-2 


Cast | as-received 


> % 
Cast 2 as-received 7's 





similar. The figures in both tables were provided by 
the steel suppliers. 


Specimen form and manufacture 

The specimens consisted of flat strips with a single 
short longitudinal stiffening fillet welded 
centrally on each face, so that the two gussets were 
opposite each other (Fig. la). This form of specimen 


gusset 





* 

aid, 

Group SNOX! All locally compressed 
specimens 


Weld Size 
SNI 
SNOI 
SNPI 
All pressed specimens except 
SNPI 


All other specimens 


SNOX! 


Details of mild steel 


weld treatments 


was chosen because it was symmetrical, so that bend- 
ing effects could be eliminated, and because it was a 
simple method of creating a severe notch effect that 
could be reproduced fairly consistently in each speci- 
men. The fact that this objective was achieved was 
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proved later by the marked lack of scatter in the test 
results. 

All the plates used were machine gas cut and the 
specimens were fabricated so that the direction of 
stressing was parallel to the rolling direction. Welding 
was carried out in the downhand position using E217 
rutile electrodes. All the fillet welds were made in two 
halves, starting at the ends of the attached plates and 
joining in the middle so as to avoid as far as possible 
the of end craters. After fabrication the 
corners of the cross-section of the main plates were 
finished by hand to a radius of approximately jy in 
to minimize the possibility of failure being initiated at 
a gas-cut edge. Where stress relieving was applied, it 
was carried out at 650 C. for | hr per inch of thickness 

The specimens in groups SNO! and SNOXI were 
spot heated in the positions shown in Fig. 1b. The spot 
heating was carried out by means of two oxy-acetylene 
torches fitted with 4 in. dia. high-output heating 
nozzles. They were arranged opposite each other. one 
on each side of the main specimen plate, and were 
kept stationary for the whole heating period. It was 
found in preliminary trials that a heating time of 
9 sec was sufficient to produce a temperature of 
approximately 650 —700 C. at the centre of the heated 
spot, and a stop watch was used to control the heating 
period to this time. After heating, the specimens were 
allowed to cool in air 

Specimens in groups 
SSPA, and SSP¢ 


effects 


SNPI, SNP, SSPT, SSP, 


were compressed locally between 


two 1? in. dia. high-tensile steel dies in the positions 
indicated in Fig. 14, the compression being carried out 


in a static testing machine. The total load applied to 
specimens in group SNPI was 315,000 Ib (equivalent 
to an average compressive stress under the dies of 
58-5 tons/sq.in.) and this was maintained for 2 min. 
Figure 2 shows a specimen in this group after com- 


pression but before fatigue testing. The trajectories of 


2— Specimen S NP 1/6 after local compression 


maximum shear stress are clearly visible where the 
mill scale flaked off, and this gives a good indication 
of the volume of material that yielded under the 
applied load. Specimens in group SNP were com- 
pressed at 305,000 Ib (equivalent to 56-5 tons/sq.in.) 
for 14 min. All the other locally pressed specimens 
were subjected to an average compressive 
between the dies of 50 tons/sq.in. which was main- 
tained for 30 except for a few specimens in 
groups SSPT and SSP where the compressive stress 
was 45 tons/sg.in. These have been denoted SSP] 
and SSPIT in Tables Xl and XIV. The average residual 
indentation in each face of the specimens subjected to 
50 tons/sq.in. compressive was found to be 
0-007 in. In Fig. 7a is shown qualitatively the residual 
distribution induced by local compression 


stress 


sec, 


stress 


stress 
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Centres of heated 


spots 


; ae 


paunesrvevererves’ (eevevevi Wel vever"wN 


Group A-FNP 


{-FN,A FNO, and 
(b) positions of post-weld treatment 


3 Details of light alloy specimens in groups 
1-F NP: (a) Dimensions 


between circular dies and this shows that the ‘notches’ 
at the extremities of the welds are in areas of high 
longitudinal compressive stress 


Light alloy specimens 

Two types of light alloy specimen were used 
(Figs. 3a and 4a) because it had previously been 
found. using mild steel specimens, that these geo- 
metrical forms were suitable for treatment by spot 
heating and local compression respectively; at the 











Section AA 


Compressed areas 


SN and A~SNP 
(b) positions of post-weld treatment 


4— Details of light alloy specimens in groups A 
(a) Dimensions 
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y to fabricate, in that no weld 
preparation was required 

The specimens forming test series A-FN, A-FNO 
and A-FNP were fabricated from MGS alloy material 
conforming to BS.STA7-AW6, and the chemical 
analysis of the | in. thick plate is given in Table III 
Welding was carried out in the downhand position by 
means of the controlled-arc process, using 0-0625 in 
dia. N6 225 amp, 22:5 V. with a welding 
speed of 15 in./min 

The specimens in group A~-F NO were spot heated in 
the positions indicated in Fig. 34. The technique used 
was identical to that employed for treating the mild 
steel specimens, but the heating time was I|5 sec, and 


same time they were cas 


wire at 


the resulting maximum temperature at the centre of 
the heated spot was approx. 350 C. Specimen A-~-FNP 
was pressed between |? in. dia. circular dies in the 
positions also indicated in Fig. 34. The total load on 
the dies was 115,000 Ib, and this was maintained for 
30 sec 
the specimen due to squeezing material out laterally, 
so that it appears very doubtful if it is possible to 
attain the full residual stress effect with this type of 
specimen 

Specimens in test series A-SN and A-SNP were 
fabricated from $ in. thick NP.5/6 alloy. The limiting 
values of chemical analysis given in the specification 
are given in Table IV. but the actual analysis is not 
known. The mechanical properties are also given in 
this Table. Welding was performed manually using a 
self-adjusting-are process with 0-0625 in. dia. N6 wire 
at 240 amp, 25 V. Before making the longitudinal 
fillet welds the gussets were attached to the main plate 
by short tack welds at their ends 

The local compression of the specimens in series 
\-SNP was carried out between two 1-85 in. dia 
in the positions shown in Fig. 44. The load on the dies 
was 250,000 Ib. and this was maintained for 
The compression resulted in an average indentation in 
ich face of 0-015 in. Figure 24 shows a specimen 


after compression 


dies 


Ry ) sec 


Method of Testing 


All the specimens were tested under axial loading, 
the load cycle for any particular group being as shown 
in Tables V-XXV. Most of the tests were carried out 
in a 60-ton Schenck machine at 2000 ¢/min, but some 
tested in a 100-ton Losenhausen 
machine with a testing frequency in the 


specimens were 


hydraulic 


range 200-400 c/min. The machine used to test any 
particular specimen is indicated in the Tables, but it 
was found that there was no significant difference 


between the results on the two machines 
The testing procedure was based on the object of 


Table Il 
Chemical analysis of 1 in. thick alloy MG.5 





Element inalysis, 
Me SK 
( 0-038 
M 0 ¢ 
| > 
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This resulted in a local increase in the width of 
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Table IV 


Specified chemical analysis and measured mechanical properties 
of alloy NP.5 6 





Element {nal 
Me ..¢ 6.4 
Mn not greater than 1-0 
Fe not greater than 0-7 
Si not greater than 0-6 
Cr not greater than 0-5 
Cu not greater than 0-1 
Zn not greater than 0:1 
0-1 Proof Stress 11-5 tons sq.in 
LTS 20-8 tons $q.in 
Elongation 22-8 





establishing S/N curves for the range of endurance 
values from approximately 100,000 to 2,000,000 cycles. 
However, in some of the test groups, insufficient 
specimens were tested to achieve this objective, al- 
though it is considered that certain qualitative con- 
clusions can be drawn from these test groups. Follow- 
ing the recommended procedure*® adopted by Com- 
mission XIII (Fatigue Testing) of the International 
Institute of Welding, any specimen surviving the 
fatigue test was afterwards tested statically to failure 
to confirm that no fatigue cracks, at least of macro- 
scopic dimensions, were present. It should be noted 
that few attempts were made to produce unbroken 
specimens after 2 « 10° cycles, so that the values of 
fatigue strength recorded in this work must be con- 
sidered as slightly optimistic 

In general the criterion of failure has been taken as 
the final rupture of the specimen, although specimens 
tested statically after fatigue testing and found to 
contain fatigue cracks have been considered as ‘failed’. 
In the tests in group SSC, however, it was noted that 
fatigue cracks took a very long time to propagate to 
final rupture, and it was therefore decided to use a 
different criterion in the other tests on a compressive 
cycle (series SNC and SSPC). For these groups, 
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length of crack on any one face of the specimen 
reached 1} in., measured symmetrically about the 
centre line of the specimen. When the crack reached 
this length it was arranged that the testing machine 


would be shut down automatically by the breaking of 


two fine (0-002 in. dia.) enamelled wires glued to the 
surface of the specimen 14 in. apart on the expected 
line of failure. Thus the machine could be shut down 
by the fracture of any of the four pairs of detector 
wires, the pairs being arranged in series as shown in 
Fig. 5. Figure 12 shows a typical fracture surface of a 
specimen to which this technique was applied. and 
this should be compared with the large fatigue area 
(Fig. 13) obtained on a specimen in group SSC. which 
was tested to final rupture in the machine 


Results and Discussion of Tests 


It is convenient to consider the results by dividing 

the test programme into three parts: 

(i) Tests to confirm that the increase in strength obtainable 
by spot heating ts due mainly to the induced residual 
Stresses 

(ii) Tests on single-stiffener type mild steel specimens sub- 
jected to various systems of residual stress and various 
load cycles 

(iii) Exploratory tests on light-alloy specimens 


Tests to Confirm that the Increase in Strength obtain- 
able by Spot Heating is due Mainly to the Induced 
Residual Stresses 


This section deals with tests carried out on the four 
series shown in the following table. Details of the 
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specimens are shown in Fig. |. The results obtained 
are set out in Tables V—VIII. and are shown in the 
form of S/N curves in Fig. 6. 








Series Post-Weld Treatment Test Load Cyck 
SNI None Pulsating tension 
SNOI Spot heated to produce residual 
compressive stress at the notch. Pulsating tension 
SNOXI Spot heated to produce residual 
tensile stress at the notch Pulsating tension 
SNPI Locally pressed 
Av. stress — 58-5 tons sq.in Pulsating tension 
Table \ 
Summary of results for Series SNI 
l pper 
Limit Life. 
Testing Srress, cveles 
Specimen Machine tons sq.in 10° Remarks 
aR il 
SNI ; oe ” ; oe I ailure from the end 
3 Los . 1-124 Jw aver 
4 Los 6-5 2-208 Fatigue crack at end 
of weld found in static 
test 
5 Los 6 3-291 Failure from the end 
of a weld 
6 Los § 2 157 Unbroken 
Table VI 


Summary of results for Series SNOI 





Upper 
Limit Life, 
Testing Stress, cveles 
Specimen Machine tons sq.in 10° Remarks 
: nus 
SNOI ! ; pn + - $31 Failure from the end 
3 Los 11 1-027 | ofa weld 





Table VII 


Summary of results for Series SNOX1 





Upper 
Limit Life, 
Testing Siress, cycles 
Specimen Machine tons sq.in 10° Remarks 
7 
SNOX ; ; = " ; ran Failure from the end 
P OS t : > 2 J 
3s Los 6°5 1-987 | Of a weld 





Table VII 


Summary of results for Series SNP1 





Upper 
Limit Life, 
Testing Stress, cycles 
Specimen Machine tons sq.in 10° Remarks 
SNPI 1 Los 15:5 0-265 
2 Los 14 0-621 
3 Los 12-5 1-157 | Failure from the end 
} Los 12 ] 575 fot a weld 
5 Los 11-5 1-397 
6 Los 11 2 177 








4?0 


Series SN1 was tested to obtain control values with 
which the results obtained in the three series with 
post-weld treatments could be compared. Six speci- 
mens were tested and one remained unbroken, al- 
though two others were also unbroken after 2 « 10° 
cycles. One of these (SN1/5) was maintained under 
test for a further period and fractured after 3-29 « 10° 
cycles under a stress range of 0—6 tons/sq.in. The other 
was tested statically after having completed 2 10° 
cycles at 0-6°5 tons/sq.in. and it was found that a 
fatigue crack had been initiated. From the somewhat 
limited number of tests carried out the upper limit 
stress for this series of specimens for an endurance of 
2» 10° cycles appears to be 6-5 tons/sq.in. This figure 
was rather greater than had been expected, and it is of 
interest to compare the result with that obtained for 
series SN, whose specimens were identical except for 
having ~ in. fillet welds instead of # in 
results are recorded later 

Groups SNOI| and SNOXI were each tested in the 
spot heated condition. It has previously been shown 
that the zone of spot heating becomes an area of high 
residual tensile stress and that this is balanced by 
compressive stresses in other adjacent areas of the 
specimen so as to satisfy the conditions of equilibrium. 
It was therefore expected that for group SNOI the 
longitudinal residual stresses at the ‘notch’ at the end 
of the fillet welds would be compressive so as to bal- 
ance the tensile areas of the heated spots, although it is 
not known whether the heated spots were positioned 
sO as to produce the maximum possible compressive 
stress at the notch. However, by heating a spot on the 
centre line of the specimen, as in group SNOX1, the 
longitudinal residual stresses would be tensile at the 
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notch and would be balanced by longitudinal com- 
pressive stresses in the adjacent areas of plain plate. 
These residual stress distributions are shown qualita- 
tively in Figs 75 and 7c. By positioning the heated 
spots at the same distance from the notch in both 
groups it was expected that any metallurgical effects 
due to heating would be constant between the groups, 
so that any difference in fatigue strength could be 
ascribed to the effect of residual stresses. 

The results for group SNOI showed a considerable 
increase in strength over the as-welded specimens, and 
by extrapolation the upper limit stress for an en- 
durance of 2 « 10° cycles was found to be approxi- 
mately 9 tons/sq.in. However, the tests carried out in 
group SNOXI produced virtually identical results to 
those obtained for the as-welded specimens. This was 
to be expected if residual stresses were the predominant 
factor, since the residual longitudinal stress due to 
welding would be of yield point magnitude at the 
notch, so that a heated spot on the centre line of the 
specimen would have no effect on the magnitude of 
the longitudinal residual stress there. 

As further confirmation that the increase in fatigue 
strength obtainable by spot heating was due to residual 
stresses, it was decided to test a group of specimens 
(SNP1) which had residual stresses induced mech- 
anically, without applied heating. The results of these 
tests are recorded in Table VIII. Six specimens were 
tested and all fractured under test although one 
(SNP1/6) survived more than 2 « 10° cycles under a 
stress range of O-I1 tons/sq.in., and this has been 
taken as the relevant upper limit stress for that 
endurance. The S/N curves show that the locally 
compressed specimens gave a considerable increase in 
strength over similar specimens tested in the as- 
welded condition, particularly at long lives. The 
curves for the compressed and as-welded groups, and 
for group SNOI, tend to converge at 18 tons/sq.in., 
the yield stress of the material, at which the resulting 
‘mechanical relief’ eliminates the effect of 
residual stresses. It can therefore be stated that the 
increase of strength obtained by spot heating and by 
local compression is entirely due to the residual 
stresses induced by these processes 


stress 


Tests on Single-Stiffener Type Specimens Subjected 
to Various Systems of Residual Stress and Various 
Load Cycles 


It has been noted elsewhere that, to explain the 
mechanism by which fatigue strength can be increased 
by inducing suitable residual stresses, It was necessary 
to derive the Smith diagram for a suitable type of 
notched specimen and also to examine the effect of 
load cycles other than pulsating tension on treated 
specimens. To achieve these objects the series shown in 
the following table was tested. Only the local com- 
pression form of post-weld treatment was examined, 
but it is believed that, qualitatively, the results are 
equally applicable to spot-heating. However, for the 
purposes of research, local compression could be more 
strictly controlled and was therefore expected to 
produce more consistent results. 

The results are recorded in Tables IX-XX and have 
been plotted in the form of S/N curves in Figs. 8-11. 
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Series Post-Weld Treatment Test Load Cycle Table XH 
SN Pulsating tension ’ 
SNA None Alternating Summary of results for Series SS 
N a 
— Smit 4S max (Stress-relieved, pulsating tension cycle) 
SST Half tensile 
SS Stress relieved at 650°C for Pulsating tension 
SSA 1 hr in. thickness Alternating Stress Range, Life, 
SSC Sta —4 Sunoz Specimen Testing Machine tons sq.in cycles » 10° 
SSPT Stress relieved at 650°C and Half tensile SS | Schenck Oto 13 0-172 
SSP afterwards locally pressed Pulsating tension 2 Schenck Oto ll 0-325 
SSPA Average pressure between Alternating 2A Los Oto 10 0:64 
SSPC dies 50 tons §q.in }, —4 Sax 3 Schenck Otods 1-070 
, : 4 Schenck Oto7 1-657 
OC’ lly yresse *Ss » > a. . ene 
SNP a * ~— hp aase e _ Pulsating tension 5 Schenck 0 to 6°5 1-525 
iain ee 6 Schenck 0 to 6 1-921 
7 Schenck Oto 5-5 3-594 
Cable IX 8 Schenck Sto. 3399 
Summary of results for Series SNP 
(As-welded and pressed, pulsating tension cycle) Table XIV 
Summary of results for Series SSP1 and SSP 
Stress Range Life, (Stress-relieved and pressed, pulsating tension cycle) 
Specimen Testing Machine tons'sq.in cycles » 10° ess-reheved and pressed, pulsating tension Cycle 
SNP 1 Schenck Oto 12 0-925 
2 Schenck Oto ll 1-278 Stress Range Life, 
3 Schenck Oto 10 1-399 Specimen Testing Machine tons sq.in cycles « 10° 
SSPI 1 Los 0 to 15-5 0-165 
; 2 Los Oto 13 0-418 
Table X 3 Schenck Oto 12 0-396 
<8 < 4 Schenck 0 to 10-5 1-091 
S ‘ > Series SS -_ 
ummary of results for eries I SSP | eames Oto 16 0-106 
(Stress-relieved, half tensile cycle) 2 Schenck 0 to 14:5 0-224 
3 Schenck Oto 13 0-476 
4 Sche ) 180 
Stress Range, Life. « Schenck Oto ¥ 79 
Specimen Testing Machin tons les » 10° a0s Oto 0 + 
pe 1 é ing a le ons sq.in cvcles 6 Schenck Oto 9 5 3-656 
SST 1 Los 11 to 22 0-217 
2 Schenck 9to 18 0-529 
3 Schenck 7Tto 14 1-143 *. ; 
4 Los §-Sto ll 2-090 Table XV 
5 Los Sto 10 2-210 . — _ 
Summary of results for Series SNA 
(As-welded, alternating cycle) 
Table XI 
Summary of results for’Series SSP1T and SSPT Stress Life, 
. alt Testing Range cycles 
(Stress-relieved and pressed, hé - > cycle ; os 
ress-relieved and pressed, half tensile cycle) Specimen Machine tons sq.in 10° Remarks 
SNA 1 Schenck 7°5 0-085 
Stress Range, Life. 2 Schenck 7 0-185 For specimens 3 and 6 
Specimen Testing Machine tons sq.in cycles « 10° 3 Los 7 0-213 fracture area was con- 
SSPIT 1 Los 11 to 22 0-194 4 Los 6 0-455 trolled by detector 
2 Los 8 to 16 1-071 5 Schenck 5 0-410 wires. All other speci- 
3 Schenck 7to 14 1-343 6 Los 4 0-891 mens tested to final 
4 Schenck 6:5 to 13 1-848 7 Schenck 4 0-995 rupture. 
5 Schenck 6 to 12 2:232 8 Schenck 3 2-062 
SSPT | Los Sto 16 0-661 
2 Schenck 7-Stol§ 0-945 
3 Los 6-5 to 13 1-625 ” = 
4 Schenck 6 to 12 2-119 Table XVI 
- sae —s ; 
’ Schneck Stoll 4:561 Summary of results for Series SSA 
(Stress-relieved, alternating cycle) 
Table XII 
Summary of results for Series SN Stress Range, Life, : 
‘ : Tal > » 7 . > . ° 0 
(As-welded, pulsating tension cycle) Specimen Testing Machine tons/sq.in cycles » 1 
SSA 1 Schenck y 0-104 
Stress Range, Life. 2 Schenck 8 0:257 
Specimen Testing Machine tons/sq.in cycles = 10° 3 Schenck 7 pape 
. : 4 6 ° 
SN I Schenck 0 to 13-5 0-149 : ~~ : a 
2 Schenck Oto ll 0-282 ; iy : : i 
. 4 : 6 Schenck 4-7 2-108 
1A Schenck Oto7 1-260 - Schenck 4:5 1-150 
3 sche f 505 ,- 
2A — 0 os - aa 8 Schenck 4 2-608 
</ OS «+ 9 Shane 3-5 S* 
3A Los 0 to 5:5 2-209 Schenck 8:64 
4 Schenck Oto 5 2-178 





* Unbroken 
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Table XVII Throughout the test programme the failures ob- 
Semmary of results for Series SSPA tained were of the expected type for this form of 
Seecse-calleved and neeseed. slhernating cycte specimen, fractures being initiated in the main plate 
CSs-Telicy and f Sse ernatt CVC ) é 
Sire s/s Ranee Life 1¢ 247 t T Tr teey , ’ ryrery t : Prrrry 
WeEecinle Te hing Vaci sre fons sq.in cveles 10 } + \ 
SSPA | Los 11 0-092 11-99 
11-3?) j ex 
2 Los 10-5 0-172 7 
Los 9-7§ 0-202 
j Schenck } 0-379 
Schenck 8-5 1-101 10-20 
f Schenck Ss 1-172 
7 Schenck 7-5 2-135 < 
s Schenck » 298 S 9-18 1 
”“ 
— 
S 
« ~ 8-16 © 
Table XVIII us 
Summary of results for Series SNC z 
<I » 
(As-welded, cycle § 4S...) a /-|4 
— ped ; ; 
Stres Life, i f-12 SST 
U 
Set Testing Range cycles 7 
men Vachine rons sa.in 10° Remarks F 
SNC | Los +Sto —18 0-130 Fatigue crack area 5.10 x 
controlled allo \ 
2 Los 4to —16 0-170 Final rupture x SST —- Stress relieved 
> Los 3to —12 0-259 _| ©{SSPT_ | Stress relieved and 
} Los 2-Sto —10 O 300 Fatigue crack area 4-8 e |SSPIT J locally pressed 
s Los 2? to & 0-683 | controlled 
6 Los 1-25 to 5 2-184 
z 4 | it Lisil A A A i Adds 
oy 10° 10° 10 
ENDURANCE , cycles 
Table XIX 
‘ &§$— Fatigue test results for series SST and SSPT (half tensile cvcle) 
Summary of results for Series SSC 
(Stress-relieved cycle § —4 S$...) 
18 THT TY 
Sires Life } | | 
Speci- Testing Range cveles | | 
men Vachine fons sq.in lo* Remarks 16 No } ] 
SSC | Los $to —16 0-456) | * 
> ie -Sto —14. 1-082) Final rupture | | 
+r Spas o SSP 
3 Los +Sto —14 2-034 Fatigue crack area 14 J | | 
controlled J |‘e, ™* 
; Los. 3-25to —13 1-701 Final rupture a \ = | } 
. Los 3 t 12 2-174) Small fatigue cracks = \ a 
6 Los 3 12 2-229 >found in subsequent 2 l2 SN 1 | 
Li 2-75 11 2-156) static test S pays Yon | 
— . 
A 10} } \G oA 
uJ | o— 
& } v4 
Table XX a Ss ; 
8) } x { 
Summary of results for Series SSP( = ‘ | 
Stre relieved and pressed, cycle § 3% ) = | | eu } 
a z\ | 
‘e) ; ); @e\re 
ge > | | YS v 
Sire Lif _ } t } e.-* 
Testi Rane ( a | | 
Machi for ! Remark = 4} } | 
SBC] 1.95 | 17 ©2355 Patio cet ee | @ SN-As welded | | 
controlled x SS-Stress relieved | 
— __ f O-451 Fatigue crack area 2h jo SSP \Stress relieved ! 
( __ controlled | le SSPI) and locally pressed | 
0-474 Final rupture 4 SNP-Locally pressed 
L« +1 6 OS56 Fatigue crack area ol Paeerr: | J 
controlled 4 5 | 6 7 
Los aS $4 2250 Small fatigue cracks 10 10 0 10 
found in static test ENDURANCE | cycles 
Los 3-25 t 13 4595 Fatigue crack area 


controlled 4 Fat gue test results for series S \V. SS. SSP. and S NP{( pulsating 


— tension cvcle) 
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at one or more of the weld extremities. Usually the 
final fracture revealed that initiation had occurred at 
more than one of the weld ends, and random ultrasonic 
checks showed that cracks had often initiated also at 
the end of the welds remote from the final rupture 
surface. It therefore appears that the notches at the 
weld extremities were maintained at a reasonably 
constant level of severity throughout the programme, 
and the marked lack of scatter in the results confirms 
this. Some typical fracture surfaces are shown in 
Figs. 12-15 

Tests on a pulsating tension cycle were performed on 
series with all three types of residual stress distribu- 








ro oti 
£12} ¢ SNA-As welded 
: : SSA-Stress relieved 
e SSPA-Stress relieved 
= +10} & locally pressed 
- | + Indicates limitation of 
2 fracture area 
S +g} 
; _ 
ne 
oO 
ry | 
10— Fatigue test results for series SNA, SSA, and SSPA <= 6} + 
} oe 
(alternating cvcle) 
wn a 
Ww) x 
ae 4 No 
me | 
7 ° ‘ 
+2} 
gu —i-i tae | — ae ee ae ee dvcahnetid ADDS 
10" 10° l0° 10’ 10° 
ENDURANCE , cycles 
+ 4-5 to-18y To TT TTT t+ 111117 test results recorded in Table XIV as series SSP1. The 
} specimens in these two groups were identical except 
+4 to-16) | _ that the local compression stress was different. Theo- 
SSPC retically, it can be shown (see Appendix) that local 
compression at a load corresponding to a stress 
+35 to-14 _—_ oe between the dies of 2v (where y is the yield stress of the 
N \\ *\ specimen material) is sufficient to produce the maxi- 
\ -_ mum possible residual stresses. Hence it was expected 
© +3to-l2 cd 
Z — 
= i 
2 +25to-l0 
uy 
oO 
z . 
=< +2to-8 
oC 
& +ISto-6 
i 
£ . 
+! to-4 ; 
° (limited fracture area) 
i. ( 
SNC As welded final rupture 
>, ®SSSC Stress relieved'limited fracture area) 
*O-Sto-2+ * cep S {ae rupture) 
= SSPC Stress relieve NITE 
and, pressed limited fracture area); 
10° 10° 10° 10” 


ENDURANCE , cycles 
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tion, and in addition three specimens were tested, as 
group SNP, after local compression without prior 
stress relief. All these results are given in Tables IX, 
XII-XIV and have been plotted as S/N curves in 
Fig. 9. In group SN, three specimens, SN/2A, SN/3A, 
and SN/4, survived 2 « 10® cycles. However, in speci- 
mens SN/2A and SN/3A, tested at 6 and 5-5 tons/sq.in 
respectively, fatigue cracks were found to have been 
initiated when the specimens were subsequently tested 
statically, and SN/4, tested at 5 tons/sq.in. suffered 
final rupture in the testing machine after 2:17 = 10° 
cycles. 

The S/N curve for series SSP is also applicable to the 





























a ae 
12-Fracture surface of specimen SNC/5. Arrows indicate 
positions of wires used to control fracture area 
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that the specimens in group SSPI would show the 

maximum possible benefit from the local compression 

but the test results indicated a greater degree of scatter 

than had been expected, so that the local compression 

Stress was increased for the remainder of the specimens 

(designated SSP). However, considering the results 

obtained in this series it now seems that the results in 

the two groups are comparable. It also appears that 

the three results obtained in group SNP (locally pressed 

without prior stress relief) lie in the same scatter band 

No tests were made on as-welded specimens on a 

half tensile cycle because it was expected that there 

would be virtually no difference between them and 

Stress relieved specimens and because the major 

interest was centred on the compression portion of the 

Goodman diagram. The pressed specimens tested on 

this cycle were again divided into two groups, desig- 

nated SSPT and SSPIT in Table XI, but the S/N curve 

(Fig. 8) shows that there was no significant difference 

surface of specimen SSC | | between them. The reasons for the existence of the two 

groups has been explained in the discussion of the tests 

on series SSP and SSP1. Specimen SST/4 tested at 

5-5-1] tons/sq.in. was maintaining full load after 

2 10° cycles, but fatigue cracks were found to have 

been initiated when the specimen was subsequently 

tested statically. The fracture surface of this specimen 
is Shown in Fig. 14 

Specimens with all three types of residual stress 
distribution were tested on an alternating cycle and 
the test results are given in Tables XV-XVII and in 
Fig. 10. It will be seen that the results for the three 
series are quite separate and distinct. The test results 
for series SNA were somewhat more scattered than 
for the other groups, without any obvious explanation. 
Iwo of the specimens, SNA/3 and SNA/6, were 
tested with fatigue crack area control wires attached 
to them, but, although most of the specimens tested to 
final rupture had very large fatigue areas, the results 
for these two specimens were not significantly differ- 
ent. This suggests that the rate of crack propagation in 
the final stages of fracture was relatively rapid. 

No reason can be offered for the low life obtained 
with specimen SSA/7 tested at +-4-5 tons/sq.in., and 
in the construction of the S/N curve this result has 
been ignored. In series SSPA two failures were ob- 
tained at points other than the ends of the fillet welds. 
Specimen SSPA/6 tested at 18 tons/sq.in. failed from a 
defect on the edge of the specimen, but later examina- 
tion showed that a considerable area of fatigue crack 
also existed at the weld ends, so that the life of 
1-17 « 10° cycles has been taken as a true result. In the 
case of specimen SSPA/8 failure occurred in the 
machine grips and later examination showed that a 
very small area of fatigue cracking existed at the weld 


4.Fracture surface of specimen SST 4. Fatigue crack found in 
fatt 


ends 

The tests carried out on the test cycle S,,;, a 
are recorded in Tables XVIII-XX and in Fig. II. 
Most of the specimens were tested with wires attached 
to control the area of fatigue cracking. This was 
thought to be necessary when it was found that the 
fatigue cracks in specimens SSC/1, 2 and 4, which 
were tested to final rupture, took a long time to propa- 
gate so that the resulting fatigue area was large. A 
typical example. SSC/I is shown in Fig. 13. For 
comparison, Fig. 12 shows a typical fracture surface in 

15—-Fracture surface of specimen SS 5 which the area of fatigue cracking was controlled 
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In group SNC, the results of which are given in 
Table XVIII, five specimens were tested with control 
wires and a sixth, SNC/2. to final rupture. No signifi- 
cant difference was observed in the behaviour of this 
specimen compared with the others, and a reasonable 
S/N relationship can be defined making use of all six 
results. For series SSC three specimens were tested to 
final rupture, as already stated. A check was made on 
the result for specimen SSC/2, but the specimen with 
control wires, SSC/3, tested under the same 
range survived twice as long. Three other specimens 
SSC 5, 6, and 7 all survived 2 » 10® cycles but sub- 
sequent static tests revealed small fatigue cracks of 
insufficient magnitude to fracture the control wires 
The results for these three specimens were consistent 
with the fatigue curve established by the specimens 
tested to final rupture, although it had been expected 
that they would show some reduction of life. The 
actual position of the S/N curve for group SSC must 
therefore be considered as somewhat doubtful. Series 
SSPC consisted of oniy five specimens, all of which 
were tested with control wires, although one of these 
SSPC 2, was subsequently tested to final rupture. The 
additional life endured was, however, insignificant 

A summary of the test results is given in Table XXI 
The equations of the various S/N curves were cal- 
culated statistically, assuming that a straight-line 
relationship existed between the applied stress range 
and log N for the range of endurance values from 10° 
to 2 x 10® cycles. The fatigue strengths at 10°, 6 » 10°, 
and 210° cycles are those corresponding to the 
calculated mean curves (calculated to the nearest 
0-25 tons/sq.in.) Table XXI also shows the values of 
log N at which the projections of the S/N curves cut 
the axis ¢=0. For series SNC, SSC, and SSPC, in 
which small numbers of specimens were tested and in 
which a different criterion of failure was employed, 
equations of the S/N curves have not been computed. 

It can be assumed that the slopes and positions of 
the S/N curves as defined by the equations are func- 
tions of (a) the stress concentration factor, (b) the 
applied stress distribution, (c) the nominal applied 
stress range, and (d) the residual stress distribution. 
Throughout the test programme under discussion the 
stress concentration factor and the applied stress 
distribution were maintained sensibly constant, so 
that any variations in results between test series must 


Stress 
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be ascribed to differences in the nominal applied stress 
range and in the residual stress distribution. Consider- 
ing, therefore, the test series under various applied 
load cycles carried out with any one residual stress 
distribution (i.e., ‘as-welded’, ‘stress-relieved’ or 
‘locally pressed’) it was to be expected that, as the 
applied stress range tended to zero, the effect of 
differing load cycles would disappear, and that at 
o—@0 the curves would coincide. This, of course, 
assumes that ‘cut off? at approximately 2» 10° cycles 
is governed by other considerations, so that the con- 
dition existing at a (theoretical) applied stress range of 
zero can be considered as being governed by the same 
conditions as those operating between 10° and 2 = 10° 
cycles. It can be seen from Table XXI that in fact this 
expectation was approximately borne out by expert- 
ment for the ‘as-welded’ and ‘stress-relieved’ groups. It 
is believed that the scatter in the intersections with the 
axis o=0 of the S/N curves for the pressed specimens 
was due largely to the fact that final rupture of the 
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welded-on gusset plates, at 10° cycles 


Table XXI 


Summary of test results 





Series Equation 

10 
SNT 45-1-6°34 log N) 
SN 48-55-6°82 log N 14} 
SNA $4-30-7:71 log N 7 
SNC 4 
SST 42-33-5:85 log 
SS 47-98 63 log 
SSA 52:60-6'82 log 
SSC 
SSPT 
SSP 
SSPA 
SSPC 


14} 
Y 


N 
N 
N 


35-69 
39-90 
47-35 


68 log 
75 log 


13 log 


16 


as SST 


3 


i 
to —18 


13 to 26 


as SST 


103 
44 to —18 


Fatigue Strength, tons sq.in 
6~-/0° 2x 10° 
to 17) (S to 10) 
g $1 
P p 
2to —8 
84 to 17 
9h 
64 
33 to —15 
87 to 174 
124 
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34 to —14 





Note: (a) o represents stress range; 


(b) All logs to base 10 
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specimen, rather than a particular area of fatigue 
crack, was used as the failure criterion, since the rate 
of propagation was obviously directly influenced both 
by the maximum tensile stress in the applied load 
cycle and by the residual stress distribution 

Considering the upper end of the S/N curves it has 
been noted previously that, under an applied load of 
sufficient magnitude to cause general yield of the 
specimen, any residual stresses will be eliminated by 
mechanical stress relief’. It was therefore expected 
that for any type of applied load cycle the fatigue curve 
for the various residual distributions would 
intersect at a stress range corresponding to yield of the 
specimen. The following figures show the actual stress 
ranges at which the curves intersect as calculated from 
the equations given in Table XXI 


stress 


Half Tensile Cycle 


SNIT SST SSPT 
SNT 
SSI 9-0-18-0 
SSPT 
Pulsating Tension Cycle 

SN SS SSP 
SN 93-9 19-9 
SS 19-7 
SSP 
Alternating Cycle 

SNA SSA SSPA 
SNA 19-8 16-8 
SSA 15-7 
SSPA 


[aking into account the small number of specimens 
tested, and hence the probable error in the calculated 
equations of the S/N curves, and also the fact that the 
slopes of the various curves differ little from each 
other, so that a small discrepancy may result in a large 
alteration in the position of the intersection point, it 1s 
considered that the results tabulated above confirm the 
general tendency of the curves to intersect at the yield 
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point. No similar table has been made for series SNC. 
SSC, and SSPC, since insufficient specimens were 
tested to compute the equations of the curves. How- 
ever, Fig. 11 indicates that there is a distinct tendency 
for the curves to meet at the (negative) yield stress 
Hence it is possible to state the fatigue strengths that 
would have been obtained from test specimens in 
group SNT, since the coordinates of both ends of the 
curve can be fixed. The equation of the line calculated 
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by this means is given in Table XXI. It should be 
noted that, when the upper limit stress is greater than 
the yield stress. the fatigue curves for all residual stress 
distributions are coincident and lie on the projection 
of the line for stress-relieved specimens 

In Figs. 16-18 the fatigue test results have been 
plotted in the form of modified Goodman diagrams 
for 10°, 6» 10°, and 2» 10® cycles respectively. For 
specimens tested in the stress-relieved conditions there 
is a considerable increase in the stress range required 
to cause failure as the load cycle becomes more com- 
pressive in nature. On the other hand, for specimens 
tested in the as-welded condition, the stress range is 
sensibly constant for all stress cycles down to S,,;, 

4 Smax- This difference in behaviour from the stress- 
relieved series is assumed to be due to the tensile 
residual stresses present in the as-welded specimens. It 
was to be expected that this effect would be eliminated 
when the applied stress approached yield in the 
compressive portion of the cycle, and in fact this ts 
borne out by the results for 10° cycles shown in Fig. 16 
where an increase in stress range for as-welded speci- 
mens in the compressive region is apparent. Similarly 
the beneficial effect of local compression is also 
eliminated by the ‘mechanical stress relief’ resulting 
from applied stresses of negative yield. 


Exploratory Tests on Light Alloy Specimens 


In view of the results obtained using mild steel 
specimens it was decided to carry out a short explor- 
atory programme of tests to determine whether a 
similar increase in fatigue strength could be obtained 
when using light alloy specimens. The programme has 
included consideration of both spot-heating and local 
compression, and has consisted of the test series 
shown in the following table. 

The results of the test carried out in series A-FN, 
A—FNO, and A-FNP are set out in Tables XXII 
and XXIII and are shown in the form of S/N curves 
in Fig. 19, 


RESIDUAI 
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Series Post-Weld Treatment Test Load Cycle 
A—FN None Pulsating tension 
A-FNO | see Spot-heated. Max. temp 

Fig. 3 350° Pulsating tension 
\-FNP Locally pressed Total 

load 115,000 Ib Pulsating tension 

ASN see None Pulsating tension 
A-SNP | Fig. 4 Locally pressed. Average 


pressure between dies 

41-5 tons/sq.in Pulsating tension 
Since these tests were only exploratory the mini- 
mum number of specimens was tested to obtain a 
qualitative result. Thus, series A-FN contained only 
four specimens, all of which failed after less than 
10° cycles, but the upper limit stress for this endurance 
can be seen to be approximately 2 tons/sq.in. All the 
failures were initiated from the extremities of one or 
more weld runs, and there appeared to be a more or 
less equal probability of failure from the start or end 
of a weld. Figure 20 shows specimen A-FN 3 after 
test, and the fractures from the ends of the welds can 
be clearly seen. Figure 21 shows a fracture surface of 
the same specimen. 


%\ 
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20—Specimen A-FN 3 after fatigue test 


Table XXII 


Summary of results for Series A- FN 





Upper Limit 


Testing Stress, Life, 

Specimen Machine tons'sq.in. eycles « 10° 
A-FN 1 Los 9 0-016 
2 Los 5 0-075 
3 Los 4 0-132 
4 Los 2:5 0-647 


Failure initiated at the start of two welds and the end of one 


Remarks 


weld 


Failure from the start of four welds and the end of two 
Failure from the start of one weld and the end of one weld 





Table XXII 
Summary of results for Series A-F NO and A-FNP 





Upper Limit 


Testing Siress, Life, 

Specimen Machine rons sq.in cycles ~ 10° 
\-FNO 1 Los 6 0-137 
2 Los a, 0-323 
3 Los 5 0-895 
\-FNP Los 5 0-455 


Remarks 


Failure from the start of three welds and the end of one 
Failure from the start of two welds and the end of two 
Failure from the start of one weld and the end of one 
Failure from the start of one weld and the end of one 
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21—Fracture surface of specimen A-FN, 3 


Series A-FNO consisted of three spot-heated 
specimens which were tested at suitable stresses to give 
a direct comparison of strength over the range of 
endurance from 10° to 10® cycles. At 10° cycles the 2| * } 

t 


PPER LIMIT STRESS, tons / sq. in 
/ 


l 
i} 
u 


upper limit stress is approx. 5 tons/sq.in. (Fig. 19) 
thus showing a considerable increase of strength over 











the as-welded group. Specimen A-FNP, which was | x A-SN-As welded 

locally pressed, showed a similar increase in fatigue | © A-SNP-Locally pressed 

strength but no definite conclusions can be drawn from are or ara 1 J 

this single test io* 10° 10° 10’ 
he results of the tesis carried out in series A~SN are ENDURANCE , cycles 


recorded in Table XXIV, and those in series A-SNP 
in Table XXV. The results are shown in the form of 45 pfuriene test results for light alloy series A-SN and A-~SNP 
S/N curves in Fig. 22. 

In series A-SN five specimens were tested and all 
were broken, although specimen A-SN/6 tested at upper limit stress for an endurance of 2 » 10° cycles 1s 
2 tons/sq.in. fractured only after 3-74 = 10° cycles. The approx. 2} tons/sq.in. 
ack of scatter in the test results ts notable, and this Series A-SNP contained six specimens and all 
was certainly due to the severe notch effect at the ends fractured under test. Except for one specimen (A 
of the welds attaching the gussets, from which all the SNP/4) all the failures were again initiated at the 
failures were initiated. The S/N curve shows that the extremities of the welds, and a typical fracture surface 


lable XXIV 


Summary of results for Series A-SN 











erl 
Ti S Life 
Vachi cle Remark 
. SN Schenck 0-028 
Schenck ; 0-085 Failure from toe of end tacking weld 
Sct k | 0-205 
\ k >-§ | 480 
Sci 2 3-740 = Failure from end of longitudinal fillet weld 
Table XXV 
Summary of results for Series A-SNP 
lp Limut 
Testing Sire Life, 
Cn Machine , iP cvcles « 10' Remarks 
A SNP Schenck i 0-113 Failure initiated at several points at toe of end tacking weld 
M Schenck f 0-260 Failure initiated at the ends of two longitudinal fillet welds and at toe of end 
tacking weld 
Schenck 5 0-660 Failure from toe of end tacking weld 
} Schenck 0-432 Failure 4 in. inside the end of the weld. In this case lack of fusion existed 
between gusset and end tacking weld 
Schenck 5 1-344‘ Failure from toe of end tacking weld 


> 74 


f Schenck 1-5 2:9 Failure from end of longitudinal fillet weld. 
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is Shown in Fig. 23. Specimen A-~SNP7/4 failed from a 
point approximately 4 in. inside the end of the weld, 
and it appears that mode of failure was 


this con- 


nected with the fact that in this case there was lack ot 
penetration by the initial tacking weld at the end of the 
Figure 24 shows the position of fracture, and 
the fracture surface is shown in Fig. 25. This specimen 
failed after only 432,000 cycles under a stress range of 
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24—-Specimen A-SNP/4 after fatigue test 
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Fracture surface of specimen A—S NP) 4 
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26— Fatigue test results obtained by Puchner' 


0-5 tons/sq.in.; this life was considerably less than was 
to be expected from the other results in this test 
series. It has therefore been ignored in constructing the 
S/N curve, from which it can be seen that at an en- 
durance of 10° cycles the upper limit stress was 
approx. 4? tons/sq.in. Thus the the local 
compression was to increase the fatigue strength at 
this life by more than 100” 


effect ol 


Comparison of Present Work with Other Results 


Since the general form of the Smith diagram 
(Fig. 18) for the mild steel specimens with stiffening 
gussets differs considerably from the form which has 
usually been assumed in the past, it 1s of some interest 
to note the results of a similar investigation by 
Puchner.* He determined the shape of the Smith 
diagram for a specimen with a single welded-on gusset 
plate in the stress relieved condition. The results, in- 
cluding those for the corresponding plain plate 
material, are shown in Fig. 26, and agree closely with 
those obtained in the present investigation and there- 
fore they tend to confirm each other. The increase of 
stress range in the compressive zone has also been 
indicated in work on transverse butt welds,® although 
it is difficult to see how advantage can be taken of this 
fact since the notch is not localized 


Conclusions 


From the experimental work described the follow- 
ing conclusions can be drawn 

(1) Increases in the fatigue strength of mild steel and 
light alloy specimens having clearly defined probable 
points of failure can be obtained both by spot heating 
and by local compression. It has been shown that the 


BET AG ANITA ANIL SARE ao NCEE aR: 











40 BRITISH WELDING 


y the compressive 
at the expected point of 


7 r 
THI 


ase in caused by 


Strength ts 


residual induced 


stresses 
failure 

(2) Goodman diagrams have been produced for a 
simple type of mild steel specimen with welded attach- 
ments, and these show that some increase in strength 
can be obtained by relief and that a greater 
increase Of strength can be obtained by inducing suit- 
able residual stresses. This is true for all load cycles but 
the magnitude of the obtainable varies 
between load cycles 


SUress 


increases 


(3) Contrary to ideas held previously, it has been 
shown that, as the applied load cycle becomes more 
compressive, the stress range required to cause fatigue 
failure shows a marked increase for specimens tested 
in the stress-relieved condition 

(4) A considerable amount of work still remains to 
be done in with this investigation, and 
some of the following problems have been noted by 
the International Institute of Welding as requiring 
consideration 


connection 


} 


(a) It has been suggested that the beneficial effects obtain 
ible by inducing residual stresses may diminish with time 
nz to a gradual relaxation of the stresses. Whether or not 


this ts so would appear to demand early investigation 
(+) In regard to the technique of local compression, the 


require iny 
f the optimum dimensions of the die with 


thickness of the specimen 


wing problems estigation 


) Determination 


reference to the 


Determination of the effect of compression with a die on 
me face only (/.e.. reacted by a flat surface on the far 
face) 

) Determination of the effect of dynamic, as opposed to 


tatic COMPpression 
Investigation of local nature at 


This might result in the use of lower 


compression of a more 


vw ends of welds 


compressive forces 

(v) In particularly to light 
mination of the 
ipphed 


material 


regard alloy deter- 
optimum 


curve of the 


specimens 
between the 
Stress-strain 


relationship 


pressure and the 


spot-heating and local 
npression (and stress relieving) on load-carrying fillet welds 
(d¢d) Many forms of joint at present used in structures are 
t suitable for treatment. It may prove 


) Consideration of the effect of 


advantageous to 


Ol 
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consider their redesign and to determine allowable 


stresses for them 

(e) It ts possible that the greatest benefit would be obtained 
by ‘treatment of high-tensile and the higher 
aluminium These have still to be investigated 


design 


Steel strength 
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APPENDIX 


Theoretical Residual Stress Distribution due to Local Compression of an Infinite Thin Plate 
(approximate solution) 


Consider an infinite plate of ideally plastic material 
compressed between two circular dies of diameter 2R, 
the thickness of the plate being considered small with 
respect to 2R. Assume that yielding occurs according 
to the Tresca criterion 

Consider the plate divided into two parts: (a) a 
plate with a central circular hole of diameter 2R;: 
and (+) a disc of diameter 2R 

(a) Let a gradually increasing radial pressure P be 
applied uniformly over the edge of the hole. While the 
plate is stressed elastically the radial and circumfer- 
ential stresses at radius r are 

PR PR 


while o 0 


Yielding first occurs on the edge of the hole (r=R) 
when «, (where y is the yield stress) 


and as P increases the radius of the yielded zone in- 
creases. The maximum possible value of o, is —y. 


(5) Considering the circular disc under radial 
pressure P 
PR? PR? 
- — o on - r —Q 
- ; 


In this case yielding occurs when o,—6, y so that, 
when oa, y Gs OQ 2y. Hence, to induce 
general yielding the compressive stress under the die 
must be 2), and the stress distribution outside the dies 
while the plate is under load is given by:® 


} c 
: | 1-2 tos £] 


vf r 
5 |! 2 log 
r 
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where ¢ is the radius of the plastic region. c= 1°65 R 
when 6,(,—; 

The residual stress distribution is found by sub- 


tracting the equivalent elastic stress distribution from 
the plastic stress distribution found above 

Consider a flat plate with a central circular disc of 
radius R subjected to a tensile stress perpendicular to 


the plane of the plate of magnitude ¢,—Q=2y. Con- 
sidering the central disc 
- ( 
f i 
| 
E | “vo, } 
E 
Putting o,—«, p 
| | 
pil—v) 
E | | 
Radial displacement at r= R ts given by 
R 
| i | (1 ) 
i :. 
But in the plate outside the circular disc 
R Pp R*; a e - | l ' R*p 
; I 
Equating radial displacements at r=R gives 


(1 v) Rp f r(1—v) ) 


Therefore p vi 


Hence the residual stress distribution for R<r <¢ 
is given by 


BOOK REVIEW 


G. L. SHvARTZ and N. M. KRISTAL, “Corrosion of Chemical 
ipparatus’: Moscow, 1958, State Scientific Press for 
Machine Construction Literature; Translated 1959, 
New York, Consultants Bureau Inc. ($7.50, 60s.) 


Intense localized corrosion is particularly dangerous 
since failure may occur in large sections even when the 
actual weight loss of the metal is exceedingly small. This 
book is a monograph about localized corrosion attack 
whether occurring as intercrystalline or as stress corrosion 
cracking. The title is thus rather misleading 

In the first part of the book the fundamental causes of 
corrosion cracking are considered quite briefly and 
empirically. Following this, many instances are quoted of 
the cracking in different media of carbon steels, low alloy 
Steels, stainless steels and non-ferrous metals and alloys 
Methods of avoiding cracking are next considered and 
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27~-Theoretical residual stress distribution in infinite plate due to 
local compression immediately before local thickening occurs 


} (121 | =) R 
« 102 VI 
2 ’ r 
\ ™ 1-65R R® 
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And for r-c the residual stress distribution is: 


y ¢ R? 
- WwW 
2 r’ 
vy ¢ R* 
— vs 
a / 


These distributions are shown plotted in Fig. 27. 


practical recommendations given for many different 
systems. Finally there is a chapter on testing methods. 
The book is designed to make reference as easy as 
possible and perhaps because of this it makes rather dis- 
jointed reading. The print and the general layout are quite 
pleasing, but the quality of the micrographs is very poor 
Amongst other minor criticisms one might mention the 
mutilation of some non-Russian references and the omis- 
sion of the translators to give the British or American 
equivalents to some of the Russian alloy specifications 
In spite of the criticisms which might be made, however, 
the book is very good value for money. It reviews a great 
deal of information on corrosion cracking, much of it 
derived from Russian work previously unreported in 
English. This fact alone will ensure it a place in the 
libraries of most people concerned with either corrosion 
cracking per se or with the technology of susceptible 
materials. 


R. G. BAKER 
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News of the Institute and Branches 


B.W.R.A 


and Industr\ 


Annual General Meeting, 
1960 


The Annual General Meeting of the 


Institute will be held at 54 Princes Gate 


London, on Thursday 14th July, at 


> 


ww) p.m 


Autumn Meeting 1960 


The Autumn Meeting this year will be 
held from Ist to 3rd November. There 
will be an opening Reception at the 
Institute on the evening of Ist Novem- 
ber, and the Annual Dinner will take 
place at the end of the meeting on the 
Thursday evening. The general theme of 
the meeting is the metallurgy of welding 
and brazing, and technical sessions for 
the discussion of eight or nine papers 
will be held on the morning and after 
noon of Wednesday and the morning ot 
Thursday. It is hoped to organize on the 
evening of Wednesday 2nd a joint meet- 


The following elections were made 
trd March, 1960 
Hon. Members 
*Lt. Col. W I 
(Stourbridge, Staffs.) 


Members 


). E. M. Adlington (Birmingham); tJ. S. Allen (Stourbridge, K. ¢ 
Wores.): G. R. Bell (London); tA. Brewitt (Sheffield); H. B. E 
Morgan (Manchester): 
A. Rowland (Bedford): 


Hoffstedt (Klinten, Sweden); tL. H 
tT. Rodgers (Troon, Ayrshire); TC 
G. Taylor (Gt. Plumpton, Lancs.) 


Associate Members 
R. A. Ackinclose (Newcastle-upon-Tyne); A. | 
(Swansea. Glam.): W. A. Brookes (Belvedere, Kent); C. Brown 
Bushell (Grays, Essex): I. I 


(Manchester): {fF 
(Glasgow): B. Chandler (Stockport); 


Edwards (Bristol); R. A. Edy (Swansea); 
(Dudley): E. E. Fish (Winsford, Ches.); C. R. Flood (Rochester) 
K_ Ford (Sheffield); J. P. Gibson (Bourne End, Bucks): S. ¢ 

Goyal (Jodhpur, India); T. R. Gurney (Seaton, Devon); A. O 
Hazzard (Brentwood, Essex); B. D. Hughes (London); K. D 


Other Societies 


at the Council meeting 


Everall (Witham, Essex): *¢ A. Hadley 


INSTITUTE ACTIVITIES 


ing with the Institution of Metallurgists 
on a subject of common interest 


Utrecht - May 1961 


The Netherlands Welding Society 
(Nederlandse Vereniging voor Lastech- 
niek) has invited the Institute to a joint 
2-day meeting in Utrecht, to be held 
probably between 27th May and 3rd 
June, 1961. The subject of the meeting 
will be construction in and welding of 
special metals, both non-ferrous and 
stainless steels. The invitation has been 
gratefully accepted by the _ Institute, 
which will shortly be inviting papers from 
its members for presentation in Utrecht 


Metal Spraying 
An important meeting of metal spray- 
ing interests was held in London on 
22nd March last, and was attended by 
representatives of the Metal and Plastic 
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Price (Weston-on-Trent); R. G. Rose (London): 





Coatings Association and the Associa- 
tion of Metal Sprayers, as well as by 
others not belonging to either body. At 
this meeting it was decided in principle 
that a single technical organization 
should be set up, open to both compan- 
ies and individuals, and that this 
combined body should seek affiliation 
with some established technical institu- 
tion, so that while retaining its own 
separate identity and management it 
would be able to offer services normally 
only available in an established society 
It was decided in the first instance to 
approach the Institute of Welding 


Closing of Library 
The Institute’s Library will be closed 
throughout the month of August 
Queries and applications for loans 
received during that period will not be 
answered until the first week of Sept- 
ember 
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Slater 
Middlesex) 


Industrial Corporate Members 


Atomic Power Constructions Ltd. (London); Bristol Aircraft 


CONTRIBUTORS TO THE 
JOURNAL 


C. Phillips, Welding Engineer in the 
Group Research Laboratory of John 
Thompson Ltd., continued his technical 
education at several technical colleges 
covering a period of approximately 
eight years, gaining, with other qualifica- 
tions, a diploma in General Mechanical 
Phgineering and the City and Guilds of 
London Institute Full Technology Cert- 
ificate. 





He served in the Aircraft and General 
Engineering Branch of the Royal Air 
Force from 1937 to 1946 and from 1951 
to 1955 respectively. He joined the John 
Thompson Research Laboratory in the 
early part of 1956, where he was re- 
sponsible for welding research and de- 
velopment. He recently joined Morfax 
Ltd., of Mitcham, Surrey. 


BRANCH NEWS 


East of Scotland 


Stress Relief 


On the evening of Tuesday, 8th March 
the Branch joined with the Edinburgh 
Electrical Society to hear a paper by 
Mr. R. McGlashan, Industria! Engineer 
for the South Scotland Electricity Board, 
on “The Pre-Heating and Stress Reliev- 
ing of Welded Structures”. 

The meeting was particularly well 
attended, despite the inclement weather, 
and the subject proved to be topical and 
of absorbing interest. Mr. McGlashan 
proved to be an excellent speaker. 

However, the information he gave 
covers so much materia! that it could not 
be adequately dealt with in such a note 
as this, and it is hoped that it may 
appear in some future issue of the 
B.W.J. for all members to read. 


*Transfer from Member 


The Branch is indebted to the Edin- 
burgh Electrical Society for introducing 
Mr. McGlashan and for acting as hosts 
on this occasion. 

R.D.B. 


1.T.M.A. 


The Branch meeting held on Wednes- 
day, 30th March, may prove to be the 
one best attended of the session. An 
audience of 50 heard Mr. Merriman give 
his paper on “* Welding and the Draughts- 
man”, and although Mr. Merriman has 
presented it to many other Branches it 
had lost none of its savour by the time it 
reached the North British Station Hotel, 
Edinburgh, for the Branch Recruitment 
Meeting. There were many new faces, 
and at the outset, Mr. J. F. Wheeldon, 
Branch Chairman, gave everyone a 
warm welcome and introduced Mr. 
Merriman and Mr. G. Parsloe, the Sec- 
retary of the Institute, who had travelled 
from London to address the meeting on 
the Institute's activities. 

After giving his paper, Mr. Merriman 
dealt efficiently with the many questions, 
and with Mr. Parsloe’s remarks the 
meeting was concluded. 

The number of enquiries received con- 
cerning membership leads the Branch to 
believe that there will soon be new 
applicants seeking to join the Institute. 


R.D.B. 


At the sixth meeting of the Branch, 
held on Wednesday, 3rd February, at 
the Manchester College of Science and 
Technology, members an@ visitors heard 
two papers under the title of “Welding 
in the Modernization of the Railways 
Bridges, Structures and Rails” by P.S. A. 
Berridge, M.B.E., M.1.C.E., and G. D. 
S. Alley, B.E., M.1.C.E. 

Mr. Berridge, who spoke first, intro- 
duced his paper by referring to the 
steady changeover since 1946 from 
riveting to welding in steel bridge 
fabrication of British Railways. Since 
1950 all new bridge spans built in steel 
for the Western Region had been shop 
welded and put together on site with 
high-strength bolts. This development in 
the use of welding had benefited the 
railways in many ways—lower costs, 
reduced waste of steel, simplified design 
and draughtsmanship, which in turn 
brought about a reduction in the num- 
ber of drawings, quicker erection, 
minimum interference to traffic, re- 
duced scrap, minimum skilled labour 
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Limited (Bristol); Fisher Governor Co. Ltd. (Rochester, Kent); 
Freeman Fox & Partners (London); Oerlikon Electrodes (Great 
Britain) Ltd. (Crawley, Sussex); Solus-Schall Ltd. (Stanmore, 


+Transfer from Associate Member. ] Transfer from 
Graduate. §Transfer from Associate. ++ Reinstatements 


required, etc. A great measure of success 
had been achieved by the initiation of 
design for fabrication from the very 
start. Welded shop fabrication, in 
simplifying design problems, enabled the 
production of tailor-made mass-pro- 
duced units which eased very consider- 
ably the work of erection and future 
maintenance. Mr. Berridge went into the 
many structural aspects of his subject by 
making reference to plate girders, cross 
girders, spans, stringers, bed-plates, etc., 
in the course of which he stated that in a 
riveted bridge there was a certain ‘give’ 
in the joint which no doubt allowed end 
fixing moment stresses to be dissipated 
without much harm to the structure. In 
the welded bridge, however, there was 
no such ‘safety valve’. Welds either held 
or they cracked—they were either sound 
or not sound—there being no half-way 
condition. For this reason, the designer 
of the welded bridge had perforce to be 
more particular about secondary and 
deformation stresses. Reference was also 
made to the Western Region specifica- 
tion which calls for the use of an ap- 
proved automatic welding process for 
laying down the fillet welds between 
webs and flanges with girders in the 
tilted position. Mr. Berridge concluded 
his paper with a brief reference to pro- 
gress over the past century and stated 
that 100 years ago, when labour was 
comparatively cheap, Brunel and 
Stephenson tailor-made their large rivet- 
ed bridge members, as, for example, the 
tubular compression flanges of the old 
swing span of the Pump House at 
Gloucester. This work, together with the 
cutting of plates, drilling and riveting, 
was all done on site. Today, however, 
when labour is extremely costly, especi- 
ally for outdoor work, engineers are 
helped very largely in the tailor-making 
of bridges by welded fabrication in the 
workshop, leaving the amount of work 
to be done on site to the very minimum. 

Mr. Alley’s subject was the welding of 
rails. He opened his talk by stating that 
British Railways for many years before 
the War welded the worn surfaces of 
crossings and to a limited extent switch 
blades. Crossings were originally welded 
by the electric-arc method but some 20 
years ago this was generally superseded 
by the oxy-acetylene process. It was 
interesting to learn from the lecturer 
that in 1959 some 24,000 crossings and 
over 1,000 switches were repaired by the 
oxy-acetylene method which consists of 
depositing the weld metal on the worn 
surface and hammer forging the still hot 
deposit to the rail profile. Oxy-acetylene 
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used for securing the 
the outside of the 
running rails, a jig being placed over the 
fish plate to hold the bond during weld 
ing. At the normal 
practice to connect conductor rails with 


fish plates providing physical continuity 


ilso 


velding 1s 


traction bonds to 


one time it was 


ind with copper bonds for electrical 
continuity. During the War, however, to 
save copper, many lengths of con- 


ductor rail were welded into quarter or 
half mile lengths using the oxy-acetylene 
In recent times, conductor rails 
on the Southern Region have been flash 
butt welded at a depot into 300 ft lengths 
followed by 


proces 


oxy-acetylene welding at 
Mr. Alley mentioned that before 
War London Transport used the 
flash-butt process for the welding of bull 
head track into 300 ft lengths, joined at 
site by special heavy fish plates and in 
certain cases by welding, by either the 
oxy-acetylene or the Thermit processes 

Ihe audience learned of the interest- 
ing work carried out by British Railways 
on track tests, and Mr. Alley referred to 
the selection of a mile-long goods line 
in South Wales for this purpose. With 
the co-operation of the Southern Rail- 
way, who flash-welded 60 ft rails into 
300 ft lengths, which in turn were 
Thermit welded on site in half-mile 
lengths, the movement of the rails was 
continuously recorded by the use of 
measuring points. Laboratory experi- 
ments were also carried out by a special 
machine designed to give the effect of a 
0-6-0 locomotives con 
tinuously running over the track. Buck- 
ling tests were also made by electrically 
heating the entire 120 ft lengths of two 
welded tracks, the ends of which were 
held rigid. The lecturer also referred to 
work in relation to his paper that was 
being carried out on the Continent, and 


Site 
the 


succession of 


touched on the various welding processes 
in connection with his 
flash-butt, Thermit 


either 
oxy-acetylene or 


subject 


metal-arc 

Both papers were supported by slides, 
and both ably answered the 
many questions put to them during dis- 


cussion time 


lecturers 


Annual Dinner 


The twenty-eighth Annual Dinner of 
the Branch was held at the Grand Hotel 
Manchester on 7th March, with the 
Branch Chairman, Mr. J. M. Whitworth 
presiding 

The ballroom was filled by 
and their guests. The toast of 
and Ports of Manchester 
by Mr. H. West, 
Director of A.E.I 


members 
“The City 
was proposed 
Assistant Managing 
(Manchester) Ltd., 


if the Vanchester Dinne (left to right) The 
President (Mr. Seymour Semper), Mr. West, the 
Lord Mavor Mr. Whitworth. Professor Tottle. 
and Re Canon Garlick 
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and the response was made by the Rt 
Worshipful the Lord Mayor of Man- 


chester Alderman Harold Quinney, 
D.L., J.P 

Professor (¢ R. Tottle, Professor of 
Metallurgy at the University of Man- 


chester. 
Institute 


proposed the toast of the 
ind the Branch in a speech 
which dwelt on the necessarily intimate 
between education and in- 
dustry in the field of technical education 
Mr. E. Seymour Semper, President of 
the Institute, responded and spoke ol 
the Institute’s vital interest in advanced 
education for welding and the pioneer- 
ing work done by the Branch in associa- 
tion with the Manchester College of 
Technology. The President an- 
nounced that the Council's candidates 
for the Presidency and Vice-Presidency 
in 1960 would be Mr. E. Fuchs and Mr 
H. West, both members of the Branch 

The toast of the visitors and kindred 
associations was proposed by the Branch 
Chairman, to which the response was 
made by the Rev. Canon Wilfrid 
Garlick (the Radio Parson), whose 
speech crowned the enjoyment of a very 
happy evening 


North London 


On Wednesday, 17th February, the 
Branch acted as hosts to the South 
London Branch at a meeting addressed 
by | Bell, B.Sc., M.Inst.Gas.t 
A.M.1I.H.V.E., Distribution Engineer to 
the Southern Gas Board 

Mr. Bell's talk illustrated by 
some very fine colour slides, made from 
photographs taken by himself, which 
covered in great detail the many prob- 
lems that face an authority that sets out 
with a pipeline in view. The question of 
wayleaves, aerial photography to plot 
the route, standards required, the com- 
mencement of the work by contractors, 
testing and standard of welders to be 


connection 


also 


was 


1960 


employed, methods of inspection cover- 
ing radiography and ultrasonics, excava 
tion, and type of equipment used, coat- 
ing and wrapping, cathodic protection, 
points to consider when back-filling the 


trench, and restoring the route to its 
Original state, were covered in an in- 
structive and interesting lecture. The 


speaker explained the reason why ultra- 
sonics followed by 10—15°,, radiography 
was adopted. Inspectors could examine 


100°, by ultrasonics, and follow with 
10-15 of all joints, cover repairs, and 
100° on tie-in joints, using radio- 


graphy. Slides covering the crossing of 
the river Test were shown where thrust- 
boring had to be carried out for the pipe 
to pass under the river bed without dis- 
turbing it, and the twin gas lines under 
the river Medina (Isle of Wight) and the 
Mersey Tunnel, which Mr. Bell covered 
when with the North West Gas Board 
Question-time brought forward many 
interesting points, such as stress corro- 
sion, the choice of 60° included angle 
preparation as against 75, why ortho- 
dox welding was insisted on where tie- 
ins Occur, coating and wrapping, and 
methods of painting the inside of the 
pipeline 
A vote of thanks was proposed by a 
member of the Branch on behalf of 
both Branches and the visitors, for a 
most interesting lecture, excellently 
delivered 
R.B.W 


Welding high-strength steels 
An excellent lecture was given by Mr 
F. J. Wilkinson on Wednesday, 16th 
March, when he chose as his subject 
“Improved Steels and their Weldability” 
His paper was based on actual experi- 
ments over a period of years, covering 


the welding of sheet steels, and was 
packed with interesting details. The 
talk was fully supported by slides 


showing graphs, statistics, and actual 
examples of work performed, including 
bursting tests carried out on vessels. The 
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effect of sulphur, phosphorus, and resi- 
dual hydrogen on hardened and tem- 
pered SAE 41/30 was dealt with in 
detail, together with the effect of grain 
size affected by the presence of sulphur 
and phosphorus, on Charpy impact 
values. 

The paper was followed by a brisk 
question time, which was full of first 
class information. The paper is highly 
recommended for repetition at other 
Branches. 


South London 


The speculating Smith 

On Wednesday, 2nd March at Head- 
quarters, some thirty-five members heard 
Mr. A. A. Smith of the B.W.R.A. speak 
on™ The Future of Gas Shielded Weldinge™ 

Mr. Smith’s lecture might well have 
been sub-titled ‘1970 and all that’ but 
before speculating, he covered past 
achievements in the field of inert gas 
welding, mentioning surge injection, 
pilot arcs, tungsten-arc cutting and the 
more recently introduced plasma jets. 

He discussed the relative merits of 
CO, versus argon and argon,/oxygen 
mixtures and showed interesting slides 
indicating the deep penetration that 
could be obtained by these new methods 
He felt that the important process of the 
future might involve both CO, and flux, 
and current work in this field was men- 
tioned 

Mr. Smith also noted the importance 


R.B.W 


of the missile and space programmes of 


the U.K. and the U.S.A. in expediting 
developments in the welding field, and 
suggested that this would ultimately have 
benefits in commercial industry 

Ina lively discussion the other welding 
processes were related to the gas 
shielded method, and in proposing the 
vote of thanks, which was warmly 
applauded, Mr. W. K. B. Marshall men- 
tioned how helpful it would be to have 
Mr. Smith as a regular speaker to the 
Branch. 


Annual Dinner 


N.T.B 


The South Wales Branch, which dates 
from 1934, held its first Annual Dinner 
on 25th March at the Angel Hotel, 
Cardiff. The attendance of 125 must 
have been a great encouragement to the 
organizers, and in particular to Mr. 
B. B. Gaydon, the President of the 
Branch, who had made himself person- 
ally responsible for the dinner. The chair 
was taken by Mr. A. W. Stones, Chair- 
man of the Branch, and the toast of the 
Institute was proposed by Mr. J. Rad- 
cliffe, Assistant General Manager of 
Unit Superheater and Pipe Co. Ltd. The 
President, Mr. E. Seymour Semper, who 
responded, dwelt upon the need for 
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advanced education in welding, and for 
a rising standard of qualification for 
membership of the Institute, to assist it 
to obtain professional status. The 
Branch Chairman proposed the toast of 
the guests, and Mr. F. J. Wilkinson, of 
the Institute’s South Western Branch, 
responded. There was unanimous agree- 
ment, that the enjoyment of the evening 
demanded a repeat next year, and 
annually in future. 


West of Scotland 


Shipyard reorganization 

A general meeting of the Branch was 
held in the Institution of Engineers and 
Shipbuilders’ building, Glasgow, on 
Wednesday, 17th February. Mr. D. B. 
Kimber, Branch Chairman, together 
with Mr. H. H. Mackintosh, Hon. 
Branch Secretary, introduced to one of 
the largest audiences at the Branch 
meetings (115 members and visitors) the 
President of the Institute, Mr. E. Seymour 
Semper and the Secretary, Mr. G. 
Parsloe. Mr. Kimber remarked on the 
encouraging response to the Branch 
intimation of the visit of the President 
and the Secretary, and said that it gave 
him considerable pleasure to introduce 
them to the members and their friends. 
In coming here, they were performing a 
heavy task, demanding time, and with 
the onerous duties of the high office of a 
national technical institution, they had 
spared no effort to be here tonight 

The President was then asked if he 
would preside over the proceedings of 
the meeting and, before calling on Mr. 
R. Straton to deliver his paper entitled 
“A Shipyard Re-organization for Weld- 
ing”, he outlined in a brief, but enlight- 
ening way, the work now going on to 
develop the Institute's activities, particu- 
larly in the field of education. The Minis- 
ter of Science and the Minister of Educa- 
tion had been approached about the 
important needs for facilities in technical 
colleges and universities for the teaching 
and training of welding technologists, 
and he was happy to state that the 
results from their work were encourag- 
ing. They would go on in their efforts to 
see that facilities were provided for 
education, and in so doing, build up the 
status of the welding engineer and in 
turn the prestige of the Institute. 

It gave him a great deal of pleasure to 
be present at this meeting. A Branch 
with 239 members was entitled to a visit 
from the President, and while some of 
the Branches had a social night to 
which the President was invited, the 
West of Scotland Branch did not have 
such an event; the only way of meeting 
the members was for him to attend one 
of the Branch meetings. 

The large attendance of the members 
and their friends was indeed a compli- 
ment, and one which both Mr. Parsloe 
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and himself deeply appreciated. He then 
called on Mr. Straton to present his 
paper 

With the use of detailed sheets and 
lantern illustrations the audience was 
taken stage by stage through the work 
involved in the combination of two ship- 
yards into one suitable for carrying out 
largely welded construction work em- 
ploying the latest methods of production. 
Examples were given of the uses made 
of the ‘Heigh Curves’ for marking and 
developing plates (thus eliminating the 
need for expensive wooden templates), 
shop loading, stowage, and the com- 
pleted fabricated units; finally, the ship 
on the berth ready for launching, and 
the completed vessel at the fitting-out 
wharf. The advantages to be gained 
from production in a modern shipyard 
were emphasized, and figures giving net 
saving in steel and man-hours were 
quoted. 

The President, in complimenting the 
speaker for a splendid paper, paid trib- 
ute to the work in the yard he repre- 
sented. For him it was gratifying to have 
heard about a shipyard in the United 
Kingdom producing ships along modern 
construction lines; too often one heard 
about shipyards abroad making all the 
progress. He then opened the meeting 
for discussion and seven speakers took 
part. Questions raised concerned the 
electric circuits for welding, plate edge 
preparation, uses of standard plates, 
shop loading, the services in the shops 
such as lighting and heating, the relative 
advantages of dry-dock type shipyards 
as against conventional yards, all of 
which were answered to the satisfaction 
of the audience. 

Before closing the meeting, the Insti- 
tute Secretary addressed the audience, 
speaking reminiscently of his visits to the 
West of Scotland Branch. 


Metal Spraying 


A meeting was held on 26th February, 
when Mr. W. E. Ballard presented a 
paper entitled “Metal Spraying and 
Spray Welding in the Engineering In- 
dustry”. 

Mr. Ballard opened his paper by 
stating that there is very little similarity 
between spraying and welding except on 
a microscopic scale. 

Metal spraying owes its conception to 
Dr. Schoop of Zurich who found that 
when molten metal was blown from a 
crucible on to roughened steel, a coating 
was formed. This system of atomizing 
metal and blowing it on to an article is 
still in limited use, especially for backing 
metallic rectifiers. 

Mr. Ballard described the function of 
the plant used for spraying, and by the 
use of some excellent colour slides 
showed the various types of plant 


H.H.M 
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which are in today. One 
modern method of spraying ts to force a 
finely divided powder through a flame 
fed with compressed oxygen and fuel 
gas, so forming a spray of molten metal 
which contacts the work piece. Further 
slides illustrated the modern pistol wire 
fed unit, where the feed is operated by 
an air turbine in the tool itself, and the 
turbine is governed for speed by mag- 
netic means. This gives self-adjusting 
feeds if the compressed air supply varies. 

For certain applications, plant is 
available for spraying using a in. dia 
rod instead of wires, but in this instance 
the air turbine is replaced by an electric 
motor, and the drive is through a un- 
versal reduction gear. All metals that can 
be drawn into wire and melted in a gas 
blowpipe can be used 

The electric arc is another method 
used whereby an arc is created between 
two wires; the melting wire is finely 
divided into particles and sprayed by air 
or other gas. It is not used in Britain due 
to certain limitations, as it ts less con- 
trollable than other processes and gives 
rise to oxidation of the coating. 

High-frequency spraying is also used 
for the rare metals such as niobium and 
titanium. This method does not upset 
the characteristics of the material, for it 
may be carried out with inert gases in a 
closed system. 


operation 


The lecturer then went on to show, by 
use of further slides, some of the auto- 
matic plants used for the spraying of 
components. He pointed out that auto- 
mation on spraying was developed in 
Britain before it was done in the U.S.A 
Ammunition boxes and Calor gas 
bottles were two of the examples shown; 
heavy duty pistols were used. Mr. Bal- 
lard then brought an interesting note to 
his paper by saying that his firm were 
now making an automatic plant to be 
used in spraying the New Forth Road 
Bridge. The first large automatic plant 
was used for the constructional steel 
work on the Margam Steel Works, al- 
though earlier plants had been made for 
radio components 


Ihe results by metal spraying were 
next discussed, and Mr. Ballard stated 
that the fine particles sprayed were 


mm in dia., and spherical in shape, 
and travelled at approx. 300 ft/sec 
When they reached the surface they 
spread out in splashes. In such deposits 
there is porosity, and as it is mainly a 
casting process, the strength ts no greater 
than that of a casting of the thickness of 
the deposits sprayed. Mr. Ballard went 
on to say that as this was not a welding 
process, adherence to the component 
must be of a mechanical nature by inter- 
locking. The surface must therefore be 
roughened and its roughness should be 
of size similar to that of the particles to 
be sprayed. The normal method of 
roughening was gritblasting, with steel 
grit or aluminous abrasive, etc. For 
hardened shafts, which are difficult to 
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blast, another process was used. The 
method is to rough machine a thread 
with a pitch of about 18 to an inch. No 
lubricants must be used. A slide showed 
the interlocking of the spray with the 
thread to form a resolute bond 

Mr. Ballard then dealt briefly with the 
reason why the coatings were used; in 
most cases it was as a deterrent against 
corrosion in many forms, various non- 
ferrous materials such as aluminium, 
zinc, etc., being used. 

He then dealt with metal spraying for 
reclamation, and cited as an example the 
use of stainless steel, which has to be 
ground and polished, etc. An advantage 
of this process ts that it is a cold process, 
so that it is possible to work on, say, 
electric motor shafts with the windings 
in position. The coating is porous, 
absorbs oil, and so is self-lubricating. 

The build-up of solids was next men- 
tioned, where, by spraying on to a 
former, intricate shapes could be 
achieved. Hardfacing was carried out 
with nickel, chromium, boron alloys, or 
alloys containing cobalt. After spraying, 
the deposit was fused to the surface at a 
temperature of 1080 C., and this pro- 
duces an alloy on the surface. 

The question of ceramics was then 
discussed and Mr. Ballard stated that 
quite a number of developments had 
taken place in this field. Alumina gave a 
very refractory surface and he quoted 
examples—masks for automatic welding 
could be made in this way. 

A long discussion, opened by Mr. 
S. H. Griffiths, followed, in which many 
interesting points were ably answered by 
Mr. Ballard. 

In proposing a vote of thanks, Mr. 
E. Flintham thanked the author for the 
lucid way in which he presented his 
paper, for his command of the subject, 
and for the excellent slides shown. This 
was seconded by Mr. C. Taylor. 

I.W.G. 


BRITISH WELDING RESEARCH 
ASSOCIATION 

Visit of Fatigue Symposium delegates to 

Abington 


The British Welding Research Associ- 
ation and the Engineering Department 
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of Cambridge University jointly organ- 
ized a Symposium on Fatigue of Welded 
Structures, which was held at Cam- 
bridge from 29th March to Ist April 
1960. The attendance was widely repre- 
sentative of the engineering industry of 
this country and, in addition, included a 
number of overseas delegates 

The photograph shows the delegates 
with the Director of Research, B.W.R.A 
(Dr. Richard Weck) and members of 
the staff, during a visit to the Research 
Station 

The papers presented at the Sympos- 
ium were published in the April and 
May issues of the B.W.J. and a review of 
the discussion will be given in a forth- 
coming issue. 

OTHER SOCIETIES 

Heat treatment practice 

A conference on heat-treatment prac- 
tice, organized by the British Iron and 
Steel Research Association, will be held 
at Harrogate on Sth and 6th July 1960. 

The main aspect of the subject to be 
considered will be ‘carburizing’, the 
various papers ranging over the theory 
and practice of carburizing and the 
properties of carburized steels 

Full organizational details and regis- 
tration forms are available from the 
Technica! Secretary, Metallurgy (Gen- 
eral) Division, BISRA, 11 Park Lane, 
London, W.1 


Steels for nuclear reactor power circuits 

Contributions from Canada, the U.K.., 
the U.S.A., and the U.S.S.R. are 
expected for a symposium on “Steels for 
Nuclear Reactor Power Circuits”, being 
organized by the Iron and Steel Institute. 

Sessions will include those devoted to 
selection of steels and_ fabrication 
aspects. 

The symposium will be held at the 
Hoare Memorial Hall, Church House, 
Great Smith Street, London, S.W.1, 
from Wednesday, 30th November to 
Friday, 2nd December 1960. It will be 
included in the activities of the British 
Nuclear Energy Conference. 


Vembers attending the Fatigue Symposium 
assembled at the B.W.R.A. Laboratories, 
Abington 
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MUREX **Fastex 100° Electrodes 
for pipeline welding 


The new Murex “‘Fastex 100” electrode has been speci- 
ally developed for the rapid vertical downward welding 
of pipelines by the “‘stovepipe” method. An extremely 
fast deposition rate can be obtained by using a “touch” 
or short-arc technique and the electrode provides a very 
steady arc over a wide range of current values. 


The electrode is easy to use in any welding position and 
smooth and regular weld beads can be obtained without 
undercut. The slag is light and easily removable, enab- 
ling operators to maintain good rates of welding. 


The electrode is also available as the ““Fastex 100M” type 
for use on 0-5°, molybdenum bearing steels and it con- 
forms with the requirements of BS.2493 and AWS/ASTM 
E7010 and E7011. 

“‘Fastex 100” electrodes can also be used as general pur- 
pose electrodes for downhand, overhead and vertical 
welding, employing either the vertical-downwards or 
vertical-upwards technique. 

The Murex “Fastex 100°” electrode is approved for use in all pos- 
itions by Lloyd’s Register of Shipping, the Mimstry of Transport, 
large petroleum companies and the North Thames Gas Board. 


The world’s finest welding electrodes and equipment 


MUREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. 


T3s 





On site near Newbury, Constructors John Brown Ltd. use Quasi-Arc CELTIAN electrodes for welding a 16-inch diameter gas pipeline 
For pipelines, for storage tanks — 
Ouasi-Arc CELTIAN electrodes 


« 


CELTIAN is supreme for the vertical downwards (“‘stove- 
pipe”) welding of pipes or tanks. It is designed for the 
job, with a special cellulose covering containing iron 
powder. Arc characteristics are so good that the 


electrodes can be used with D.C. or A.C. 


CELTIAN cuts welding time because of its higher deposition 


rates, easier de-slagging, and the elimination of 


Quasi-Arc {1 


back-chipping on tank work. 

CELTIAN 1s officially approved by leading authorities, oil 
companies and inspecting organisations in U.K. and 
U.S.A. AWS ASTM Classification is E.6010. 
CELTIAN (Molybdenum-bearing) electrodes are also avail- 
able for welding 5LX and other special grades of pipe. 
For full details write for leaflet T.C.117. 


1 world leaders in arc welding 


Quasi-Arc Limited, Bilston, Staffordshire. Tel: Bilston 41191 4 [Q)) compo 
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New Rules for oil tankers 

Lloyd’s Register of Shipping have 
published amendments to their con- 
struction Rules, including extensive revi- 
sions of the Rules for Oil Tankers. 

For the past 75 years Lloyd’s Register 
have classed oil tankers, and over 30 
years ago they introduced rules specifi- 
cally relating to these important vessels. 
In 1949 an extensive revision was made 
to the Tanker Rules. 

Since that time tankers have in- 
creased greatly in size—the average 
deadweight of new tankers has doubled 
in the last ten years—and new methods 
for determining main longitudinal scant- 
lings have been evolved. The upper limit 
of size in the 1949 Rules was 620 ft. and 
the scantlings were based on a series of 
simple parameters which did not take 
account of the effect of the design of the 
tanker on the bending moment to which 
it was subjected when in service. Now 
tankers are as long as 900 ft., and it has 
been the practice of the Society to take 
into account the relationship between 
design features and stresses when deter- 
mining the scantlings. 

This policy has been followed in the 
new Rules, which have engaged the 
attention of Lloyd's technical staff, 
under the direction of the Chief Ship 
Surveyor. They have been assisted by a 
panel of the Technical Committee, 
which comprises representatives of pro- 
minent tanker building and owning 
interests, and by other authorities 
throughout the world. 

The new Rules will apply to all sizes 
of tankers, and they will encourage 
designs having favourable strength 
characteristics. Formulae have largely 
replaced tabulated information. They 
will allow greater flexibility in applica- 
tion than is possible at present. Special 
weight is laid on loading schemes, which 
will receive the consideration of the 
Society. 

The revised sections, which refer to 
welded construction, deal with the main 
hull girder of the ship and with the 
framing and internal structure, and 
express the section moduli of the stiffen- 
ing members in association with “an 


Quasi-Arc plug-in rectifier 


NEWS AND ANNOUNCEMENTS 


effective width of plating’. This depar- 
ture from the more standardized prac- 
tice of the present Rules has necessitated 
the production of new comprehensive 
tables for section moduli. 

The new Rules are a great advance on 
those which they will supersede and will 
be of benefit to owners and builders. 

Although the application of the re- 
vised Rules becomes compulsory on 7th 
July, 1960, they may be adopted forth- 
with by owners, if desired. 


NEW PLANT AND 
EQUIPMENT 
Medium-range welding plant 
A compact welding alternator with a 
wide selective range of welding currents 
is now being supplied by Small Electric 


Motors Ltd., of Beckenham. The 
alternator has a static wound-armature 


S.E.M. 30-250 amp alternator 


with a rotating permanent magnet field, 
thus eliminating the need for slip rings 
and brushes. The current range is 30 
250 amp and is controlled and adjusted 
by a two-way link mechanism and a 
multi-position switch. 

A steep volt‘amp characteristic is 


obtained from the use of a frequency of 
427 c/sec, which also allows striking of 


the arc on a low open-circuit voltage. 

The alternator can be coupled to an 
electric motor or engine drive or it can 
be driven from a tractor by means of a 
belt drive 


Portable d.c. power unit 
A ‘plug-in’ welding rectifier, the 
PR250, was introduced earlier in the 
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year by Quasi-Arc Ltd. The unit can be 
used in conjunction with most con- 
ventional a.c. welding sets of 300 amp 
output and with an open-circuit voltage 
of 80-100V. It provides a convenient 
power source for argon-arc welding, if 
h.f. filters are fitted, and is suitable for 
supplying direct current up to a maxi- 
mum of 250 amp for special metal-arc 
welding electrodes (especially non-fer- 
rous) where a.c. cannot be used. Silicon 
rectifier elements are used and as they 
are completely sealed they will not 
deteriorate in service. They are naturally 
air-cooled. Current control is adjusted 
from the normal controls of the a.c. 
supply. 


16 amp silicon controlled rectifier 


‘Thyrode’ silicon controlled rectifiers 
for applications requiring load currents 
up to 16 amp and blocking voltages from 
20 to 200 V are now available from 
International Rectifier Company (Gt. 
Britain) Ltd. 

The new series of units, designated 
Types X16RC2 through X16RC20 are 
capable of controlling current on such 
applications as static switching, d.c. 
motor control, variable and regulated 
d.c. power supplies, welding control, 
ignitron firing and similar switching uses. 

It is capable of performing many of 
the functions of the magnetic amplifier, 
thyratron, power transistor, and related 
units. 


Pedal-operated spot welder 


A new 4 kVA spot welding machine, 
operating on 230 or 400/440 V, single 
phase, 50 cycle supply is announced by 
Siemens-Schuckert (Gt. Britain) Ltd. It 
is suitable for light work on small sub- 
assemblies up to two thicknesses of 
22 s.w.g. mild steel sheet or 12 s.w.g. 
mild steel wires. 

The head is provided with a vertical 
movement with a fast electrode follow- 
up. Heat selection is by a 5-way tap 
switch, and a range of electronic timers 
can be supplied to suit individual re- 
quirements. 


Flexible pipes and ducting 

A new product of Recon (Pipelines) 
Ltd. has many potential uses in the 
fabricating shop. It is a hose constructed 


Vacuflex hose fitted to surface grinder 
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Quasi-Arc Limited, Bilston, Staffordshire. Tel: Bilston 4119! 4 OY) | Company 
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of high quality p.v.c. or other thermo- 
plastic material supported by a high- 
tensile steel spring which is itself com- 
pletely covered in p.v.c. and is an 
integral part of the hose. 

“Vacuflex’ hose is made from Nylon, 
p.v.c. (in various grades and also re- 
inforced with Nylon, Terylene, cotton 
or canvas), and a high-density polythene 
‘Rigidex’, and sizes at present range 
from 1} to 4 in. bore. 

The inside surface of the hose is 
smooth and is very nearly of constant 
bore, and the high-tensile steel reinforce- 
ment makes the hose virtually uncrush- 
able. Although the more rigid materials 
need litthke support, for instance for 
overhead ducting, bends and elbows can 
be produced easily by hot-air manipula- 
tion. Yet these rigid hoses can with- 
stand boiling water for many hours and 
can be used as steam exhausts. 

The p.v.c. type of hose is already 
being used for fume extraction in weld- 
ing fabricating shops. The materials 
from which the hoses are made are 
highly abrasion resistant; they are 
relatively free from attack by most 
chemicals and are electrically non- 
conducting. 


Variable-speed turntable 

Welding turntables, without tilting 
facilities, with capacities of 4, 1, and 3 
tons are now available from Courtburn 





Positioners Ltd. The table diameters are 
24, 36, and 54 in. respectively and the 
drive units, giving smooth rotation in 
both directions, provide speed ranges 
between approx. 0-05 and 1-0 revs/min. 


STUB ENDS 


> Inspection Services Ltd. are setting up 
a new test house. One department will 
deal with inspection of concrete, and 
will be in charge of Mr. J. Wootton, a 
Senior Welding Inspector and radio- 
grapher 


POxy-acetylene iron-powder cutting 
equipment, supplied by British Oxygen 
Gases Ltd., was used for the dismantling 
of }-1} in. thick copper beer vats, after 
normal cutting and fracturing methods 
had failed to reduce the vats to man- 
ageable proportions for salvage 


The cost of the B.O.G. Bantam 2 
oxygen cutting machine has recently 
been reduced to £59 
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> Mr. B. E. Rossi, Editor of The Weld- 
ing Journal of the American Welding 
Society, has received the Samuel Wylie 
Miller National Award for his out- 
standing contributions towards the 
advancement of the art of welding and 
cutting. 


~The paper “Welding of Medium- 
Alloy Chrome-Moly Steels’ gained Mr 
K. R. Hotvest of the Williamette [ron 
and Steel Company, the 1959 J. F 

Lincoln Gold Medal, being judged the 
best paper of the year published in The 
Welding Journal 


On Ist June, Mr. J. D. Thomas, Jr., 
President of the Arcos Corporation, 
will take office as the new President of 
the American Welding Society. 


> Plans have been approved for the 
installation of a new rod/bar mill at the 
Appleby-Frodingham Steel Co. To be 
completed in 1964, the new mill will 
increase capacity by 300,000 tons a year. 


P Industrial eye-protection equipment 
and other similar articles manufactured 
by the J. & R. Fleming/B.A.O. Group of 
Companies, are now being marketed 
through one subsidiary known as Opto- 
shield Ltd., with Mr. C. J. Williams as 
General Sales Manager. 


> Tungsten-arc cutting equipment, orig- 
inally developed by the Linde Company 
of Union Carbide Corporation, is now 
being marketed by British Oxygen 
Gases Ltd., who have undertaken de- 
velopment work on the process in the 
U.K 


PA department specializing in radio- 
graphic and darkroom accessories has 
been set up by Inspection Equipment 
Ltd. at 926 North Circular Road, 
London, N.W.2 (Tel.: Cunningham 
1795) 


PA new steelmaking plant to be in- 
stalled by the Consett Iron Co. Ltd. will 
use both the L.D. and the Kaldo oxygen 
steelmaking processes. Head Wrightson 
Iron and Steel Works Engineering are 
to build two units of each type, all of 
100-ton capacity, and it is expected that 
these will provide an additional annual 
output of about three-quarters of a 
million tons 


P Sales of G. D. Peters and Co. Ltd. 
electrodes are now being handled by 
Weldcraft Ltd 


>The telephone number of the Service 
Department of Research and Control 
Instruments Ltd. has been changed to 
Battersea 8641. 


> Professor H. Schenck, Director of the 
Institut fir Eisenhiittenwesen, Germany, 
has been awarded the 1960 Bessemer 
Gold Medal of the Iron and Steel 
Institute 


> An Australian company for the manu- 
facture of Sciaky resistance welding 
machines has been formed by Pye Ltd. 
and Sciaky Electric Welding Machines 
Ltd., Slough. A new factory at Fair- 
field, New South Wales, is now in 
production. 


Translations 


The following translations of articles 
in foreign periodicals are available from 
the British Iron and Steel Industry 
Translation Service: 


1115 A. G. Maze and K. K. KRENov: 
External characteristics of the current 
source in welding under a carbon 
dioxide shield. Svarochnoe Proizvod- 
stvo, 1957, (8), pp. 31-34. (£3 10s.) 


1138 L. Hense and H. SCHERUHN: Prac- 
tice for welding circular seams on 
large diameter pipes. (Hand and auto- 
matic welding of pipes for oil, water, 
and gases.) Schweissen und Schneiden, 
1958, May, pp. 162-166 (£4 Ss.). 
(Abstracted in J./.S.1., 1959, June, 
p. 1824) 


1204 I. CABELKA (CHABELKA): Practical 
applications of the modern achieve- 
ments in welding metallurgy. Avtom. 
Svarka, 1958, June, pp. 3—12. (£5 5s.) 
(Abstracted in J./.S.1., 1959, April, 
p. 404c.) 


1222 K. A. KREKELER: Welding tests on 
steel with a yield point increased by 
submicroscopic inclusions, with dis- 
cussion of papers by Neut (B.LS.1. 
Trans. 599); BorN and Kocu (B.LS.1. 
Trans. 463), both under the heading 
Properties and tests—Effect of alloy- 
ing elements and inclusions. Stahl u. 
Eisen, 1952, Oct. 9, pp. 1278-1285. 
(£5 Sys.) (Abstracted in J.1.S.1., 1953, 
April, p. 447.) 


1291 G. Kristor, et al/.: The develop- 
ment of a weldable manganese-titan- 
ium—aluminium alloyed steel quality 
St.52 in Hungary. Nueu Hutte, 1958, 
July, pp. 425-432. (£5 15s.) (Ab- 
stracted in J./.S./., 1959, May, p. 104 


1304 A. S. GeEL’MAN, et a/.: The electro- 
slag welding of a hydraulic turbine 
shaft with a welded shell. Svarochnoe 
Proizvodstvo, 1958, Sept., pp. 26-36. 
(£5 15s.) 


1166 T. M. StutsKayA and V. G. 
GorRDONNY: Research into new types 
of low-alloy steel for welded struct- 
ures. Avtom. Svarka, (9), pp. 3-12 
(£5 10s.) 


1260 P. BastieEN: The cracking and 
fracture of steel charged with hydro- 
gen. Materialpriifung, 1959, Jan., 
pp. 3-12. (£7) 


Details of these and other transla- 
tions may be obtained from B.1.S.I.T.S., 
The Iron and Steel Institute, 4 Grosvenor 
Gardens, London, S.W.1. 
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FREE ‘“ LAB-WELD” SERVICE 

The Rowen-Are laboratory is specially equipped to 
deal with your samples, provide you with first hand 
information on your particular application, and to 
determine the welding process which affords the best 
results. Our technicians will provide cost/ process 
data obtained under practical conditions. Take advan- 
tage of this free service— it will mean faster operation 
and bigger savings for you 











Watch Rowen-Arc for further develop- 
ments in welding! write for literature and 
details to:- 


ROWEN-ARC ‘fy’ 


je 
DIVISIONOF RUBERY, OWEN&CO.LTD. “Saxxe” 
LONGFORD WORKS, BLACKHOR ROAI 
LONGFORI COVENTRY. TEL: BEDWORTH 2179 


A Member of the Owen Organisation 
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For welding the high-nickel alloys, as with other materials, there are special filler 
. : . ‘ ; : 
wires made to give the best results. Don’t spoil good material by using the wrong grades. 
MATERIAL ARGON-ARC FILLER-WIRE ’ MATERIAL ARGON-ARC FILLER-WIRE 
MONEL* corrosion-r ting alloy 60 MONEI INCONEL* oxidation-resisting alloy NC-82 
INCOLOY , INCO-WELD ‘A”* 
Neat-resisting alloys 6.9% 
AT nick 61 nickel INCOLOY* DS . INCO-WELD ‘A 
Low-Carbon AT nickel 61 nickel 
DURANICKEL* age-hardenable nickel 61 nickel 
NIMONIC*™ 75 NC-82 
K MONI } NIMONIC* 80A | /igh-temperature alloys NC-90 
64 K MONEL NIMONIC”* 90 NC-Q 
NEI n-resistine alloy 65 NI-O-NEI , én? 
BRIGHTRAY™* ‘B NC-82 
BRIGHTRAY™* ‘C’ | high-temperature NC-82 
CORRONEL” 21 — atom CORRONEL 21 BRIGHTRAY* ‘H’ electrical resistance NC-52 
CORRONEL* 22 : ete CORRONEL 21 BRIGHTRAY™ ‘S’ alloys NC-82 
CORRONEL* 23 ss CORRONEL 23 BRIGHTRAY* ‘F’ INCO-WELD ‘A’* 
We have available a 16-mm sound film in colour entitled ‘Welding of Wiggin High-Nickel Alloys’ which 1 —_ 
is available without charge for showing to engineering societies, training classes, etc. Write for details 
Full detai f welding techniques by all processes are given in our welding handbook, 
Welding, Brazing and Soldering of Wiggin Nickel Alloys’. Write for your copy. 
BOOKLET — 
BW/M38/6 


a HENRY WIGGIN & CO. LTD - WIGGIN STREET - BIRMINGHAM 16 
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WELDING LITERATURE 








Book Reviews 
{dditions to the Institute Librar\ 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1960, vol. 51, January 
Redesign for welding cuts costs (10-11) 
Production scale vacuum brazing equipment (| 2) 
Mechanical follower welding system (20-22) 


La Pratique du Soudage (Belgium), 1959, vol. 13, 
December 
Welded structures and the future (205-211) 
Certain advantages of braze welding at low temperature, M. 
Van Hille (211-217) 
Welding in the course of time (21! 


wy 271) 


Przeglad Spawalnictwa (Poland), 1960, No. 3, March 
Arc and resistance welding in railway carriage construction; 
Part II, A. Kuleczka 
Flux recovery from workshop waste; Part Il, M. Mysliwiec 
Welded spherical vessels (review of literature), E. A. Juffy 


Przeglad Spawalnictwa (Poland), 1960, No. 4, April 
Arc and resistance welding in railway carriage construction; 
Part III, A. Kuleczka 
Hardfacing of blast furnace closings, S. Dobke and S. Krajew- 
ski 
Welding of arc furnace bottom made of austenitic steel, W 
Paluchowski 
New type of universal welding and cutting torch, R. Blasz- 
czynski 
Arc welding of rails on Polish railways, L. Nekanda-Trepka 





Revue de la Soudure Lastijdschrift (Belgium), 1959, 
vol. 15, No. 4 
Automatic position welding, F. G. Danhier (169-174) 
The Russian method of automatic welding with a melted flux, 
J. Sebille (175-198) 
Study of the mechanical properties of an electroslag weldment, 
W. Soete (199-203) 
Recommended rules for the qualification of welders (204-5) 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
January 
Research on soft soldered joints, a contribution to the develop- 


ment of suitable testing methods for static and dynamic strength, 
H. Koch and W. Wasserbach (2-10) 


Fatigue tests on notched specimens with filled notches, H. Wolf 
(10-14) 


Stored energy welding, F. Frungel (14-18) 
Application of welding in repair work, P. Richter (19-22) 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
February 
Investigation into the welding ‘of an AlZnMgl-alloy with par- 


ticular consideration of crack sensitivity in the weld, K. P. 
Mudrack (45-55) 


Metallurgical considerations in the welding of stainless and 
heat resistant steels, A. Bernstein (55-61) 


Metallographic investigation of welded joints in non-alloy and 
low-alloy steels, W. Marfels (61-68) 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
March 
Welding and cutting by means of electron beams, K. H. 
Steigerwald (89-95) 
Effect of hydrogen on fatigue strength of welded steel, W. 
Hofmann and G. Vibrans (95-101) 


The application of automatic welding processes, K. H. Mathias 
(102-111) 


4 contribution to the problem of determining losses from 
gasometers, M. Maier (112-113) 


Schweisstechnik (Germany), 1960, vol. 10, February 
Progress in welded construction of apparatus and machines, 
W. Gilde (35-39) 

Welded parts of exhaust steam systems, W. Pavel and W. 
Gramm (40-44) 

Tungsten arc inert gas welding (TIG process) in the construc- 
tion of machinery and equipment, W. Becker (45-51) 

Welding in a chemical plant, W. Winter (53-59) 

The reorganization of welding plants for the tasks of the 
chemistry programme, W. Anders (59-65) 
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The application of welding technique on the engineering 
building sites Schwarze Pumpe and Lubbenau, W. Raidt 
(68-71) 


Souder, Revue Pratique du Soudage (Paris), 1959, 
No. 23, December 
The welding of nickel and nickel alloys (3-13) 
Silver brazing (15-20) 
Safety precautions in a gas welding shop (21-25) 
Considerations on the use of iron oxide and basic coated 
electrodes (30 31) 


Soudage et Techniques Connexes (Paris), 1960, vol. 14, 
January—February 
The Guillotiére bridge at Lyons, of welded steel construction; 


Part 1; Reasons for and object of the replacement of the bridge, 
J. Rérolle (5-8): Part 2; Work design, J. Robinson (8-11) 


Part 3; Shop fabrication and erection of the steel framework, 
J. Pasquelin and others (12-20) 

Increase, by local heating, of the fatigue limit of plates and 
beams with welded-on gusset plates, O. Puchner (27-32) 

The welding of chromium steels, H. Gerbeaux (39-61) 


Recommended practices for the X-ray inspection of fusion 
welded joints on aluminium and its alloys and magnesium and 
its alloys up to 50 mm in thickness, I1!W Commission \ 
(69-73) 


Measurement of welding cable flexibility, A. Besson (I1W 
Commission Il) (75-77) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 
33, February 
Convair butt welds 0:002-inch stainless, W. P. McGregor 


(34, 45) 
Twenty times faster . . . Flame cutting replaces machining 
(38-42, 44) 

How a spot weld can be set up automatically, J. K. Dawson 
(46-48) 


Strengthened building supports new steel (53, 57) 
Joint design and welding procedures are keys to fabrication of 
feedwater heaters (54 57) 

Developments in consumable electrode welding of magnesium, 
C. R. Sibley (63-64) 

Surfacing increases wear resistance of austenitic manganese 
steels, M. C. Parson (68-71) 


Welding Engineer (U.S.A.), 1960, vol. 14, February 
Many advantages gained when redesigning turbine runners for 
welded fabrication, F. M. Hessemer (32-33) 

A guide to preheat (34-37) 
Super-size bridge girders fabricated for Mt. Rainier National 
Park, J. R. Gray (38-39) 


Production, properties and uses of build-up electrodes, A. J. 
Zvanut (40-41) 


Hardening without hardfacing, E. J. Pavesic (50, 54, 56) 


Multi-spot welders ensure minimum weight, maximum strength 
(58, 60) 


4 Chicago high school is producing trained welders for industry, 
K. Rhodie (68, 72) 


Welding Engineer (U.S.A.), 1960, vol. 45, March 
The importance of polarity in arc welding, B. Ronay (32-33) 


How to determine required strength of fillet weld on angles, 
N. S. Hodska (37-39) 


Producing accurate poke weld fixtures, C. H. Miller (40-41) 
New method simplifies fin-to-tube welding (42 43) 
Newest electron beam entry is German-made (44-45) 


Better resistance welds through double acting air cylinder 
system, A. B. Palmer (62) 


Welding Journal (U.S.A.), 1960, vol. 39, February 


Electrosiag welding—a new process for heavy fabrication, 
R. D. Thomas (111-117) 


Ring-projection welding of low-carbon steel munitions, M. J 
Welther and S. M. Robelotto (118-125) 

Automatic welding procedures for sheet-metal stampings, 
H. A. Franke and E. R. Hubbard (126-130) 

Ultrasonic welding of dissimilar-metal combinations, W. C 
Potthoff, J. G. Thomas and F. R. Meyer (131~—138) 
Metallurgy of bonding in brazed joints; Part III, The role of 
intermetallic compounds in brazed joints, N. Bredzs and H 
Schwartzbart (49s-—58s) 

Comparison of Charpy V-notch and drop-weight tests for 
structural steels, J. H. Gross (59s—66s): discussion, 66s-69s 
The cruciform test for plate-cracking susceptibility, L. 
Poteat and W. L. Warner (70s-76s) 

Factors affecting severity of cruciform test for hardened-zone 
cracking, K. Winterton and M. J. Nolan (77s-82s) 

Effect of magnetic field on transfer characteristics of particles 
in an electric arc, P. Shajenko (83s-88s) 


(Philips’) Welding News (Holland), 1959, No. 106, 
November—December 


Building-up worn-away teeth of gear wheels, J. Callejo (4-5) 
Increase in productivity (6-7) 

Enclosed welding (10-11) 

The use of contact electrodes (18—21) 


Welding Production (U.S.S.R., translated by the 
B.W.R.A.), 1959, July. 


Resistance welding to implement the 7-year plan (1-6) 
Resistance welding equipment now being produced and prospects 
for its development, N. Ya. Kochanovskii (7-19) 

The work done by the Ukr. S.S.R. Academy of Sciences, 
E. O. Paton and V. K. Lebede Arc Welding Institute in the 
resistance welding field, B. E. Paton (20-33) 

Ihe resistance welding of rails, |. Z. Genkin (34-43) 

The present position regarding spot and roller-spot welding 
light alloy structures and prospects for development, B. D 
Orlov and P. L. Chuloshnikov (44-56) 

Projection spot welding of hot rolled steel, A. S. Gel’man and 
others (57-64) 

Resistance welding of concrete reinforcement, A. Ya. Brodskii 
(65-77) 

The condenser-discharge welding of bicycle frames, P. 1 
Gorodnoy and A. K. Baranov (78-91) 

New condenser discharge welding machines of Moscow Higher 
Technical School for spot and seam welding of fine gauge 
components, N. L. Kaganov (92-102) 

Resistance welding in steel sheet production, A. M. Kogos and 
others (103-114) 

Quality control of spot and roller welding, S. T. Nazaroy (115 
120) 

New machines for resistance welding thin metal, D. A. Lyuke- 
vich and N. M. Tarasov (121-125) 

Resistance seam butt-welding of pipes by higher frequency 
current, B. D. Zhukovskii and others (126-133) 

Influence of surface effect on the heating of steel rods during 
resistance butt-welding, A. |. Pugin and A. A. Baikov (134 
140) 

Resistance spot- and seam-welding of OT-4 titanium alloy, 
F. E. Tret‘yakov and G. P. Tsar’kov (141-145) 


Welding Research Abroad (U.S.A.), 1960, vol. 6, 
March 


Gas cutting of steel in continuous casting machines, O. Sh 
Spektor (16-32) 

The embrittlement temperature of structural steels determined 
on several types of specimens, H. Kaussmann (33-53) 

Annual Report of Commission VII “Standardisation” Opatija 
Assembly—30 June to 3 July 1959, International Institute of 
Welding (71-75) 

Annual Report of Commission IX “Behaviour of metals 
subjected to Welding” Opatija Assembly—29 June to 4 July 
1959, International Institute of Welding (76-80) 
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The LIGHTWE/GHT 


RAYMAX 150 


Here, five Raymax 150 units make an impressive and 
economic testing installation at the R.O.F. Patricroft. 
Components are tested in narrow space-saving leadply 
tunnels right on the factory floor. When examining 
longitudinal joints the component on the trolley is moved 
down the tunnel by means of a simple chain drive worked 
externally by the radiographer. As shown in the 
illustrations, the Raymax 1§0 is sunk in a pit thereby simplifying 
the protective measures necessary as the beam is In this installation the use of leadply tunnels only 4 ft. wide, 
instead of larger radiographic rooms, enables a considerable saving 


rater -cte . ‘ ‘ Ss 7 - qd + 
al ays directed upwards agmnst the roof of the tunnel to be achieved in costly protective materials, in floor space and in 


time as the components do not have to be taken away from the 
shop floor. The gas-insulated Raymax 150 weighs only half conven- 
tional oil-insulated units, It gives high radiographic output, and its 
special design eliminates high voltage cables, rectifying valves 
and associated filament transformers. 


Write for publication SP.7176 1 
to your local AEI office or direct to: 


instrumentation Division 
Scientific Apparatus & X-ray Department 


Associated Electrical Industries Limited 
132-135 Long Acre, London, W.C.2. 
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INTERNATIONAL | 
INSTITUTE OF WELDING | 


PUBLICATIONS 
BIBLIOGRAPHICAL BULLETIN FOR WELDING AND ALLIED PROCESSES 


A quarterly Bulletin containing annually some 2,000 systematically classified abstracts of books and articles 
on welding published throughout the world 





Annual Subscription, post free 
Members. ; : €5 0 0 
Non-members ; ; £7 0 0 





INTERNATIONAL INSTITUTE OF WELDING 1948-1958 

Marks the tenth anniversary of the Institute's foundation. Surveys the work accomplished by the fifteen 

technical Commissions of the Institute. A valuable account of the fundamental welding problems under 

investigation in 27 member countries of the I.1.W. 253 pp. of valuable text in English and French with 
illustrations. 


Obtainable from: Price 12, - post free 


Dept. BWJ. 54 Princes Gate, London, S.W.7. Knightsbridge 8556 


Cheques payable to The Joint Committee for International Welding Relations 





RESISTANCE WELDING MACHINES 








A COMPREHENSIVE RANGE OF MACHINES CAN BE SEEN 
IN OUR WELDING DEMONSTRATION WORKSHOP 


WE INVITE YOUR ENQUIRIES 


MERITUS (BARNET) LTD. 


BARNET, HERTS. BAR. 2291/2 
Gold Medal and Bronze Medal. Brussels World Exhibition 1958. The Engineering Centre Collective Exhibit. 


30 BRITISH WELDING JOURNAL 
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ARE YOU MAKING FULL USE OF 


THE SCHOOL OF WELDING TECHNOLOGY 


for the latest information on «¢ design 


e fabrication 
e inspection 


e research 





for full details mail coupon to— 


Name 


The Institute of Welding. 
Address 


oft Princes Gate. 
Erhibition Road. 
London S.W.7. 


THE SCHOOL OF WELDING TECHNOLOGY—BwWj 





“TAKE MY TIP— 


USE 
SIFBRONZE 
EQUIPMENT!” oovivuc 


“DEMON” BLOWPIPES:— SIF-COMBI PROFILE CUTTING MACHINE 
An automatic dual-purpose machine for all kinds of 
cutting work. 

SIFBRONZE REGULATORS 

SIF-COLIBRI CUTTING MACHINE Modern precision instruments giving constant pressure 
and volume. 





General Duty and Cutting Models. 


The clockwork machine which turns a hand cutter into 
a precision machine cutter. Ideal for flame cutting on SIFBRONZE CATSEYE GOGGLES 
site. The most advanced type on the market. 
If you want to know SUFFOLK IRON FOUNDRY [1920] Ltd., Stowmarket, Suffolk. 


Please send me leaflets detailing Sifbronze equipment. 


how Sifbronze equipment 
can help you, 
fill in the coupon 


CID cescenccsesitrensiomonen 
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HIRST ELECTRONIC LTD. 


CRAWLEY. 


GATWICK ROAD, 





Se 


Designed 

to measure 
short pulses 
of heavy 


current 


OR SIZE 
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SUSSEX 





%*% FLANGES MACHINED TO B.S. 
OR TO SPECIAL SIZES 


Keen Prices 


STAINLESS 


We offer in approved grades of Stainless Steel 


TABLES 


* SOLID DRAWN TUBES - FABRICATED PIPES 
% ROUND and HEXAGON BAR 
*% PROFILES CUT TO ANY THICKNESS 


* CASTINGS TO CUSTOMERS’ SPECIFICATION 


Prompt Delivery 


Send enquires to Dept. B.W_J 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove {MAIDENHEAD 
Telephone: 1522/23 








CLASSIFIED ADVERTISEMENTS 





BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
FRANSFORMERS WILL GIVE 
YO A LIFETIME OF 
SERVICE 
Fully guaranteed sets—110 amp £25, 180 
amp £45, 250 amp £71, 300 amp £85, 350 
amp £99 10s., 450 amp £135, etc. Also Two- 
operator 180, 250 and 300 amp Models, 
ex stock 


Send for leaflets and booklet from Britain's 
Fargest clectric welding plant stockists 
Cc. G. & W. YOUNG 
ISA COLNE ROAD, TWICKENHAM. 
POP. 5168 








are so 


VWUGCY caer 
ENTWELD 


arc welding transformers 
purchased by the Hirers? 


YEARS SERVICE has 
PROVED Rentweld dependability. 


IS 


TODAY Rentweld value is 
STILL unsurpassed. 
ENTWELD LTD., 
94 CAMDEN RD., LONDON, 
ine GUL 6006/7/8 “NW. 














Clean, fused, Unionmelt flux available, up to 2,000 Ib. 
per week. Midlands. Box No. 243 





LINCOLN 
300 amp. 
DIESEL 





WELDERS FOR HIRE 


MOORE'S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 040! 


32? 


Published by THe INstrruTe oF WeLDING, 
- Made and Printed by Percy Lund, Humphries & Co. Ltd., 


FOR SALE 

NEW 200-TONS PRESS BRAKE, 
IMMEDIATE DELIVERY, subject 
to prior sale. Maximum working length 
13ft. llin. Between uprights I1ft. 8 in. 
Maximum thickness plate handled 47in. 
Steel plate construction. Motor drive. 
Weight about 25} tons. An excellent mach- 
ine. Full details, illustrations from, 

F. J. Edwards Limited, 359 Euston Road, 
London, N.W.1, or 41 Water Street, 
Birmingham 3. 





The cost of insertions in this column is 3s. 6d. 
a line, or 30s. per inch depth semi-display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies should be addressed 
to Box. 000, British Welding Journal 


All matters relating to classified advertise- 
ments should be addressed to Advertisement 
Department, British Welding Journal, 54 
Princes Gate, Exhibition Road, London, 
S.W.7 

Copy should be sent by 6th of each month 
for publication in the following month. 
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CO, WELDING 


PHILIPS 
LEAD AGAIN! 


FASTEST MANUAL ALL-POSITION WELDING! 


twice as fast as heavy-gauge manual electrodes 


All-position welding—from 
overhead through vertical to 
downhand— twice as fast as 
heavy gauge manual electrodes 

that’s the achievement of this 
revolutionary new Philips CO, 
Welding Mobile Unit. It uses 
ordinary D.¢ welding-power 
sources, either rectifier or motor 
generator. The specially designed 
‘easy-on-the-arm” welding gun 
gives perfect balance in the hand 
and eliminates operator fatigue 
to a minimum Ask for full 


details 





PHILIPS 





OTHER LEADING FEATURES 


Wire-feed and welding current automatically stop Three wire sizes: 0.9 mm. 1.2 mm, 1.6 mm 
and red warning lamp lights if gas fails Only the gun contact-iip is changed 

Wire feed infinitely variable between 6 and Coil holder carries 44 or 56 Ib coils of wire, has 
$4 F.p.m. Set by directly calibrated control adjustable automatic brake 

Wire controlled during welding by solenoid- * Turntable mounting of wire-feed unit gives up to 
operated pressure roll and adjustable straightening 20 ft of gun movement 

device * Low-hydrogen welds of high radiographic quality 


are consistently made 


Sole distributers in the UK 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING S CROSS ROAD, LONDON W. TELEPHONE: TERMINUS 2877 


























for accurate and 
efficient gas control 


Accuracy of gas control means operating 

efficiency and—in turn— minimum production 
costs. Whenever you work with gases, you can 
cut your production costs by using a regulator 


omplete BRITISH OXYGEN range. 


British Oxygen Gases Limited 
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